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Map of Seepage Flow Index
for Paddy Fields Using GIS

SHODA Daisuke and KAWAMOTO Osamu

Summary

Recent social and natural problem causes a high incidence of disaster damage at an agricultural community of
intermountain regions. Above problem involves declining birthrate, a growing proportion of elderly people, warming
temperature and so on. Control and maintenance of paddy fields have attracted attention to reduce damage of paddy
fields and an agricultural community. However, relationship between control and maintenance of paddy fields and
disaster reduction is not clarified adequately. In this paper, for the purpose of disaster reduction, maps of disaster
reduction management are drawn up on the basis of seepage flow index calculated from seepage flow analysisin fields
of Oguri town, Nanao city, Ishikawa. Influence of analysis mesh sizes, which is 4m, 10m and 20m is also considered.

Conclusions in this paper were obtained in the followings. Using GIS, results of seepage flow analysis can be
used for various purposes of disaster reduction management. The seepage flow condition of analysis result matches
a current state of the fields. In agricultural fields of intermountain regions, analysis mesh had better segmentalize
because the analysis result may be determined by short sides of the field. However, mesh size of about 10m is currently
areasonable mesh for analysis mesh because digital elevation datais generally 10m.

Keywords : disaster reduction, map, seepage flow index, paddy field of intermountain region






e LI 211
9~20, 2011

Py BRERAT T35 2 Vo 72 T 7K O 1 38858 5L

A B - AR - AR B - SEFHAN
LEAREAE > - AP ELAREL - HERRESG * - SRR L FRr

I ﬂ‘%— % ......................................................... 9
I gﬁ?ﬁ?ﬂg@*ﬁ%% .......................................... 10
ﬂ-]_ﬂ:ﬁ . iﬁg ............................................. 10

H T AFUFIRIIE - eveeermmmmemeeemeeeeeieee 10

il %ﬁﬁﬁ{f ................................................... 11
1 BITLICBI B B TAROESIZEENE - 10
TWRARADENS & B AEOHBHPE -oovreeeer 12
SRS & 2 Mg LB g oo 13

v gjﬁﬁﬁ%% ................................................... 13

B
il

K72 & DU L /NS B> TUEIKIR % # K
1RO TV BEGED L, FFEEGKEDM I, Fi%5%E
B, SEhEE LEO NOHMZ &2t R T
DI NS 555, FRI/NBEOH T ARE R,
WERRBELIC R D M F A X o THA L L & P48
EN5 (IPCCARAWG2, 2007) &k dHi2, HkEoh
e FIEOEIC L B HBREROBLOEE L ZITR TV,
TR T ARORES X ORI A % X5 1213,
B BT 5 M T ROBAFIEE - =L £ THL M
T HVEDH LA, i AE I A & FR K AR AE L
TR 6, KR EZIEET 5 2 LIIAES TIE RV,

1 OO KBHIZHRK EEKRIPREL TV EEE, &
FE#C & o THAKIZHAKRD LEICAE L, ki
TRI & PRI OB R (2 2 TR R L 5R) 2
ENbo HHHIIZBIT HIRAIEOIE S 1L, HAK LK
DFEEFIZ L 5 Ghyben-Herzberg D4

Pt
S o N— 1
z p.-pr W

* EATHR A DR BRI LR TR T — A

() EIS BEAROK 7 SET 28 2 & & — B AT B S R AT FH s
kBl IR SR M BRI R

ek SR ERE

* 2341 H 200 %

F—TU—F 1 TR, KL X, BEIRBERERE, WRIER

AR

"

1 BEACEREGRTE AT evererrrreerermmeeeennns 13
2 HHED R AMFIETEIR e 13
3 HHED LR PTITAR - oevvevreeemereereemeeeeeennn 13
\Y4 % g ...................................................... 16
1 B & RS RRE O BAR oo 16
2 gD R P EEROERSRREANORE - 17
VI ;ffg]: % ...................................................... 18
%%irﬁk ......................................................... 18
SJmmary ......................................................... 20

z HEKEELUT ORIKDE &

he @ EAKEELL EORKDIE S = H# N R R
0 L RIKDEEE

06 © WEKDEE

L0, HPARAES AT 5 & b (Hubbert, 1940 ;
Vacher, 1984 72 &), L0 L (1) R & o THRIRBEFERE
T OKMIE 2T CHRET 5720120, B2z
AW b, BERRRWIWIC X 5 —E 228 2 L) &
BB D72ORBY L {, BolffRrERT
Vv (Schneider and Kruse, 2003) . = @ 72 & VEEEME I HL T 7K
ORI R SRS 2 % T & 2 M REIIL %
i L C, R R A EEIE T 5 T A i
s Tws (Rotzoll et al., 2010 72 &) F 72 KFE L
DEMLZZ  BEN B AIKET KL, KOTEER L AIK
BOWIRE - TS Ik o TR E L BAMER A LT
B (Legrand and Stringfield, 1971), kB FREE b &K
PEASE WIS ClEE <, W CIEL 742 5 % EAREH]
BIEREE L Tn5 2 LA%\ (Vacher, 1978, Ayers, 1998
% E)o TOOBKEGHTER T EFEIIIET 5 72012
TBIITL A B0 <R L, HUT K ¥Rk LR %
SEY B WEN D B, FRFHELH CBIIILO Faw L
2B 2 D%, KEFRFROEETHELILT
Whe TD X)L HIEOHZE TILIERSE RIGRE
THHOICT B0, WA X o TR S 72 HISL
DT =5 T A58 AN, HFKFOIER
B LR IEHEE IS IE, RIS ESIREE, BRI
WhHNb,

T AR H OHREE FHE &0 ) BLUE A S BRI &
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BHIETHOBRME I L0 RDEBY THDH, £
SL%ETIANEZEIAL VO (24 VR, %
FEM & ZEBBOMLHE (BHEME) 2K F203L
TR OEE RN EE RIS LD T, [ UH
FrcaA Vi, EREETZLsE, RErOERE T
TOF—7 #JUEL, OB EZHTET A0, BEX
BAETIIERERZ IS DT, ZEEEOH
MATRETH Do T L CEBERZIEI A VHE
WZHIRRDS S 5 560558\ Bl 21X EM34 Tl 1 EFT O &
W& DT T3 DODEL L a4 VRO ET— % %M
WEHROT, HERLFBELAJETE 2EHEEILIFET
THh5 (Stewart, 1988), F7z, BRAFEAEITTEEICTEMR
Wd B & PESEE LS, BRIFEEITEE T T v,
HEOEES L v H Tl BEIEATIL I S
WEFTHAGLEND 5 DT, KGR W T
AR & RO HIRPTR Z {2 D MEDEE L VS, &
WA S MR\ 2 IR T E DS RE 7 O T b %
BIX v, TELAERET 1L EIT T oRlE P ER
A MELBHSELLEDND L7720, LETHZH O
ERFIEREAEICIENTE 2 D, EHICERASFEE
FUTEBDITH A O 2 EHLROBHEZ T2 LEDSH )
BEEWEDN D H & WELH L\ BEOM T RE R &
L 72 B O 28 CIEERBEEL OB BI1 % e 2T,
K ERKDERERICKE BB DD L7280, BRHHEE
FECLHREMBT LT RTHL L, LETTH
7o) OFFREEDE N & RE B MICIE TE
LHIEENZOHBEEZ NS,

EREEAETC X A TR o RE Rl E T, Wl
MIEA R 2 3 OWEET — % & BT L CHRER
RIEEH RO D FEFEWICHSNTE 7225, Al
5 (2010) (& 7 B O H P KEIITLIC BV IR L 221
BRI L BRIERIC L > TEL Nz AR TEESR
L, R T ARMNIZIFE LTIV L A0
WsE T — & DA CTHIRBEFIREDHEETE LI L ERL
720 LP L ZONBIRANTIEER % ks TR 122
g 2720, EHEOMTARBIMILEZ L E L, KRR
PR T E ZERITLICZ LyWNBBUS ST 5 2 &
FEEL Vo ZO7ZORMETIE, EAEED L EWES
B L, BRIEREIC X o TRO 2280 ikt
M Lo C, BRARET — & 2 IERBIRE I CRE T2
Z LT, /NBEIZB VT D RENICH KA
BAWRE & 7 2 TSV TG L 72

RIFFED L, BMOKERRFE 70 Y = 7 MilgE
BRIRBEAL DS I E P2 5 2 2 R BRI & B s 35 Al o0 B
351 (45150), K OVEHiF# (21580303) D 2#k % 1) C
FhiL /oo FBMALICH - TE () B MK
FEEENIZE Y v & — TR EFMHER, v — Y v IViEE
IFIEE R A B L CERERER O ZAIC TH I TH
7oo SIIWEHOEEET D,

I REEHXOBE

1 i - E

MDA B~ — ¥ v VB BIMEIL IR
MBS 5 29 DBMEE 5 ODEE AT 5 BIRET, i
R34 181km?, AR 5T ANTH b HEDIFET
5~ T M BRHEITARRE 7 B 1710 IfE L, AN
#1277 N (Republic of the Marshall Isands Embassy to the
UsS, 2010) T& % (Fig.1), 1971 ~ 2000 4E\2 BT 4 4E5F
KR 3,300mm, AR 275CTH Y, ER
ORFIIHFE LBk L TR TH D (RE IEHAE,
2008), LM TH 50— F B EE 1.8km?, FIHHE
BEmolFiaETH L,

EQEN=E:: Vi

Fig.l FHAHATE X
Location map of study area

O—JBIXE&EMICHE> THIKBIZEDNL T3
(Anthony et al., 1989), Table1 (2K —1 ¥ 72X > T
MERIN/n—J BOWERBF 2RT. HEIE V25
BIE 1.Tm B ORIKG, BIFE 9.Tm OB U ) HIKE
JEIE 3.6m UL EORIKTEEDS 546 LT b (EIFSEAOK
HEEMEL ¥ —, 2010),

Tablel ©—J EOMEREF
Stratigraphic sequencein Lauralsland

I HoH o
1.70m VaP R K3 — 2l
9.65m B LY AT HEE2~5mm
3.63m VEURZ 50~ 60mm

2 HWTFAFAERKR

BHETERICAE LT\ b 0 — T BT, HTF RS HEK
Ly RELTAELTBY, FH RO FKE R
RENLHIL (X7 ) KXo THKER, 81T
AVTEWYY 20085357 ) FEIZEKELTWY
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%o Fig2120— 7 BIZBT 2 UK EX %, Fig.3
[ ZHUK RS X % 2 2R T 2 OMISER DB
KIFEE LT L TR/ ELR BRIV FET S
25, HOKEIZEA» L RATNLOTI ZTIEFEEHL T
%\, Presley (2005) (ERFHAFTIZBIT LT KRB O
SIREENE D S, BKH T K OFHI AT 2 S 22 LT
BY, Fig o0 fildiz g TORT . &2 CTRKRKDE
2R A 4 R 500mg/l & LTWAA, THUEE
RARERE 200mSm A2 FE A S 3 5, HITKIE, #T K
T 0.6~09mIcAKFICH DA T N/z2 v 7 b (FILE
WX o TR ENT WD, 2D X9 UKk L
VAN DORUKFEE LT RIITH S,

T L. I
—— EUKHER MEFISHTES

P S kinc

Fig2 ©—7EI2B1T 2 HUKRER A E X (Presley (2005) 12 fII%E)
Water-supply well sites, and cross-section locations for the Laura area
(retouched with Presley (2005))

B RT L~

SYASENZE <, \\ SN
RIREEEREL
£91.8m
| ] # R OKE

:

%’?0.6~o9m L #946m—r
t—i—:—:—i—:—i—i— === _—¢ — -
BIEEE R
(IE#%10cm)

Fig.3 HUKMizHE &K (Presley (2005) (12/N5E)
Water-supply well construction (retouched with Presiey (2005) )

~v Va2 uit (P~ au) 128w T 1954 ~ 2000
FEOMICEZETH D 1~4 ] OMKEDPFEM[DOR
30% i TdH o 72 4F 1% 1970, 1977, 1983, 1992, 1998

EOEMEITH Y, FFIZ 1998 4F 1L, W FDREKEDTFAR
fED 82% & b7 T CTH - 720 T DIEDTFDREK
T ERRM T RIETH o722 EI2NA, ETORIED 6
~ 12 A OREKIEDSEAEME O 81%, EHT 2 # H Tl 63%
EN T SRAFIENT L WA TH > 72 TR PR
FEOKEIL, M H AR S W S N7z lK AR LR E A
LIEOLNLKE, O—FBENPOLTUKENLHTKTH -
720 HUTFKEUKEIZMRE LT, THERAT O 1995, 1996
AEILH KR T 640MYd FEHE T dH » 7278, 199841 H ~ 3
H121& 720 ~ 840m¥d & 7% 1), 4 1% 1,080 m¥d, 5 A
12970 mMYd IEL, I D4EDFIE 810 mYd, 4ERIFEEL
KE1E 305 m* Tdh o7z (Presley, 2005), L 7> L 1998
HLRE, T—FDBATTEL2007E T TOM, HRMEK
KEATB0mmM % Fll> 7z iz 2\ L2 LT 67,
YV COMRERTRICAELDNTY A
Vi, F 7z, 1999 4E 7 5 2006 4E O 4F I T KUK &I
BT822 m THhotr (EBEMAKEENEL Y 5 —,
2009) -

I RESE

1 BEFLICH 2T RKDESFEEZRTE

Figd ([ AL B % 7R 3o 0% M s O R e 1
MEAQ 2m A2 TH 5. M T REIFLIZ 1998 4F 0 F ik IF;
IZUSGS (7 A ) 7 B FHARRT) 2SEERNCA L —F
FEOBMILEZRELTBY, ZOH)BHEL WD
bOERMH L2z WEICHEH L7-BIlfLoREE % Figh
|2, FILE Table2 [ZZNZIRT . M FKOESIRE
B 33 P A AR BSAREER (M4 Y WTW 153
Cond315i) %y, ZNZENOBIEIFLO A b L —FEE
W2ty —%2TA L, BEximAlo7,

FLe
R KEREIFL
BEXRREEAR
BHEREAR

N

e O

ADES

0 300m
| —

Fig4 7%
Observation points
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EE

24 U FZE —]
674—R)

S a
[—] (FEER Ay

ATULADT ff)b\[—]

[
24 FERE ——]
ARL—F e
B74—rR) N

Figs T — 7 BIZHBIT 5 FKEHMILREEX
(Presley (2005) /%)
Monitoring-well construction in Laura Island
(retouched with Presley (2005))

Table2 BHIFLEEIC
Specifics of the observation holes.

FA N 1-33 1.95m 10.06
1 1-43 1.95m 1311

ELIEEOMIEX 2009 4E 10 B 27 H, L 08 2010 4¢
10 H 16 HiZATo 720

2 BHREFEEZICSLZMBOEERATE

AR BTSSR 2 A L T o IRTTE
EEMEET DWHEELE TH L, FoFiEL LTL, H
BRI, HiE, NTEERZ &2 6584ET 5 Bl
ZFM$ 5 MT i (Magneto Telluric Method), A L3215
RO % 22 L S8, RIS 2 Z RIS O
2t % %€ 9 % TDEM 2 (Time Domain Electromagnetic
Method) 7 &25Z80F S, R ER VW ER 55 o Hb LA &
DHEFIZH N D Z EAL v (WHEEEAY S, 1998),
CAUTH L CEER A~ m o R E W5 O A
12, EEE T o~ ImBo I VEERZEICENE
NLIDFTOMVL V=T - v— Tk HREHIZH D5
BlRPSDORIETFOER X F7IHEE L THWS VLF
nE, ENABELREESHONE, BEIEOMT
KarR e LBEAENETIE, &2 FIcenEnEE
IMBOITAINEH LIV =T« V— ThOBRGRAES
it Td %7 F % Geonics t1 8 EM-34 % v % Bl A3 %
(Anthony, 1992, Schneider and Kruse, 2003, Ruppel et al.,
2000 72 &)

ARWFSE TUE T oK i D IR RS SR EE AT 2 ok % 72
WO, V=T —FEICL DERIER T o 72, WEH

HIE, 9= 7 BER MRS 2 W#nv & L (Figd),
PR (X BEAE OFZE T H T 7k o O HR 6358 5 22 |2 T2k
D& % 71 ¥ Geonics f# EM34-3XL % 272,

— A H P AR ORI TR IL S ¥ — TR E RS
T, K & K O TR AR EE DS #1224 51K
WATEEL TW5DH I EN% v, Lo L BRI RO
MCid, MBEOEERLEHBOKTHEELARL, £
NENOREOBERERLE S RMO/INT A -5 L LT,
B RICHEAET 2 ENENDOINT A= 2RO L
wEBHDT, ZO& LEHIIZIRED BT 21K
RUTE RV, £ 2 THAME TR T 0T
11&, HHVIEZOTOHEAKIES GHhbETLEEH->T
W5, EM34  HW2BEEIZEIC BV TIE, Wi b
i K & ) EETH D AR + BE T, MK
T OWAKE & TRk, ko 3@ L e L7z
R AT PN TV b0 EM3AZIEREEI A VST S
— B\ & o THUBE R IZ S84 L 7 RIS O TR % %
fEaANVTHET H2EBETH Y, EETHREXTKROAT
H.z2 57 % (McNell, 1980) .

HYHp =i w u o o 14 (2)

ZZT,
Hs @ A5 3 4 WIS B % IREH O SREE
Hp : A5 3 4 WIS B % — KRB O SR EE
w 2nf
f o EWEH (Hz)
Uo - M OFEREEE
o HEEOEEZR (mho/m)
s aAIVHEE (m)
i A1
ThHbo EM34-3 TIERRE LT A NVHEIZ L - THI%E
L7z HeHp & 1) Hufig oo B2 78RR

0= 4w u oS) (HIHp) (3)

ZREMBE LTHT 5,

CIT, BEzZILHFETHZEEEZAHSIIKITT
MR EEEY2¢ (2 &L, EM343I12BI1T5 ¢ (2
L zOBBREBAXIZ/RT & Figba) LB &5
(McNeill, 1980) . —EEELLT Tld ¢ (20 DSEREIZK L
THIWAT 22 81d, REOBERNERBICHTL
D R EERICEET LI 2R LTV 5,
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a) 6@
1.0

0.5

T

0 0.5 1.0 1.5 20 z
b)
S

Rx (ZA5=2AL) Tx GEE=AL)

g1 le .

L,
g2
g3

Fig6 a) EM34-3 DEREIZH T 2 6 &R
b) 3 @GR (MeNeill (1980) |Z/N&E)
a) Cumulative response versus depth, b) Threelayer earth model.
(Retouched with McNeill (1980))

Fig.6b) (2 3EHEEDEAKEZRT, HIZBW\T,

oy ¢ 5B 1B

o, ¢ B2 B

o5 ¢ 5B 3EOEER

z, B lEOREE

z,  HFlELE2BOBIEDM
Thbo TITRPITEEZRIIHT S zDIROMEED R
HBEXR(@2 &35L,

R(z) foo 6 (2)dz (4)

&), BATEERE ORI,
O,= Ul[l—R(Zl)]+ GZ[R(Z]_) _R(Zz)J+ 03 R(Zz) <5>

TH 2z 515 (McNell, 1980), 15514 Bl 7 — ¥ (&
I A JVRIRE 10m, 20m, 40m 2 X B FNENRD AT
BRE L DPS, V—F - V— Tk D EBIEETIL,
TEIRBE DSBS WA T, T4 VISR &
X B & F = PEGTE LD >720) (Stewart, 1988),
WE L7 EEREPEOEERIIHIG L %Lk b
(McNEeill, 1980) . S RIOFRAMIZB NTH T 1 )V HIE
20m B & OV 40m TIIEMEAZ e, R EEE
PEOEZRT R ELTT = PIEFICHIETE L d o

Co ZZTHETKIN & TOHR S RS20 W — 7%
AEHAICH > T, GORICBIT S0, 0, 05 2%
EREBELENTELOT, BMoa A/ VB
LMEMBET A —EWICETLLEEZONDL, 22T
WEM % 2, \ZIRE T 5035 NUE, 1E)oa A v
MIRRIC & MBI & o TR RE L KDL 2 EHT
&5,

RWFFETIXEE I AN EZE T ANV ORFE 10m O
5 A R—VE— FTEBIEEZITV, Mo R r0EE
WA ROz F 7 BRAFRATNE Hh 5 OB TR =
IZ& o TRkDze TS OFEEEAIE 2009 4F 10 A 22
HICHEE L 5 M OWEDFIHELZ I - 72, 1#EdH7z0)
OWERHIE I A NV ORBBHZ&O T 5HRETH -
720

3 BREREEICS B HMBOHLIEHEITE

AR ICER L, FOINEEMZ HE
L CH O L IPURE 2 M 3 2 WERAL CTH ), H
TOKE KR L L IZE TUE A s o0 HAKBL o g R
FIET LMEFESESFEICHOON TV S, B2 1E
Jacobson et a. (1997) &+ 7 VHEFEF 7 IV EIZBWT
BAFEELEIC L 2 EEFEELIT, WEER>HHEE L
7o HCIRBUERIE A £ D, AR O HUERERE, AA
AKRE FR KR, K, MR OE S ZEE L T b,
¥ 7z Birgit and Luis (1996) $ A ¥ ¥ aEx s ¥ VR
PEEIC BV CREAIRAEIC L 2 BEEE T/, WER
R & D HEE L HRHBUERIE A & 0, SRIRBE SRR,
KIBOZE % TR L T AT, ©/ —7 (AIKG
DlaER) OaAiEHEE L T\nb,

KBz CIEEIEMEE & LT 7 A 7 Advanced
Geosciences Limited #:#. Sting R1L % vy, w7 = v F—ik
WX EINE L CEMBIREA 0.2, 0.5 1.0, 1.5, 2.0, 2.5,
3.0, 35 40, 45 50, 6.0, 7.0, 80, 9.0, 10, 12,
14, 16, 18, 20, 24, 28, 32m, Hififl 10mA |2 CERE
WA E T 720 WO HEIE Figd l[2R" 3 A-A" Flaj &
L7ce INSOESIFEAIL 20104E 10 A 21 HIZFE R L
1#h 5@ 72 ) oW E R I X RS BY R &5 % &7 60 C 15 RE R
BETH -7,

BRI R ORIED 720 1 BEABE » Fit L 72T
X, BEAWIZED HRAKRDEAE L 2\ & S M (M
a), WHLEEOBIMILTH LY 4 + 1 (M b), KD
HAETDETHEN LM e, S dDEH4ETTITH Do

AR AT L, JERERAN RIS L B —
WICHEFENTY 7 b, 7 AV % Interpex Limited #1382 1X1D
(v3.42) &\ 7z, FRATSM 1L 24 T, e KIRAT 8
ER2moLEETIVE L, HAKEBERRET L7290, JE
TEDOWIRIIOZA SN TH D EIRETHF v A
2 D5fERT (T © DeGroot-Hedlin and Constable, 1993
&) 12X o THEIIO RS % R 72,
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Vv FEEER

1 BRIEEHRESH

Table 3 (2T AREFLIC B 1) 5 AR RE N E 45 R
R o AETIXHME - BH (2009) # &%, Bz
R 200mS/m LT O T K & kK &R, 723, 2009
£10 H 27 HOWMEIZ BT 1-43 S OB A7,
g5 2 &k Ao 72, 2009 4 DI E T ER
(R FE 7S 1-33 °C 207mS/Im T @ - 72 2010 4EDH5E T,
BRAFEE AT 1-33 T 101mS/m, 1-43 T 833mSm T V)
TEEEIZ X BED RSNz, $721-33 128\ Tk 2010 4F
DFiH3 2009 4F & DR E IR L7z,

Table3 T 7K i 0> B8 A (38 1 s it 4
Electric conductivities of groundwater.

s VERE BRMLEE (mS/m)
(m) 2009/10/27 2010/10/16
1-33 10.06 207 101
1-43 13.11 - 833

2 WEORH,(FEER

Fig.7 ICERERAIC L o TUIE L 72 g o A 15 E
FEER R 2R KO MILERE O b AL EICT
P OBEE LT b,

HAED BT EEFIL 57 ~ 6.6mImOFHEFHAIZH b
AREIICE T 77— NSNS TR A4 1K 2 228, 1R
B S 240m M2 B E S LT 7 — U HIOTHTE L
7% HEAIIH 5o

R a
68 ]
_ l, #55 d
§ 6.6 * o . ,
£ o o
W 64 * M e
@ 2 tﬂ‘u.‘i b o
T & v
| o L
w6 v °
. .
5.8
[ ]
56 : :
0 50 100 150 200 250 300 350 400
R A DO EEEE(m)

Fig.7 G 7 B =i e At R
Terrain conductivities of measurement points

3 WBOLERSH

Fig.8 ~ 11 |[ZEBAIEAIC & o THIE L 72 #ifiz oo /AT
CHEPL & W FEATIZ X > TR 72 RIEFL 0 |8 IR 55 Ai % 7
¥
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=
=3
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0.1 1 10
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Figs 4R

100 1 10 100 1000

LELELLLL B R B R B R
4
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Resistivity (Ohm-m)

e (Qm)

SERR (T )

Result of DC measurement at poin a
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Result of DC measurement at poin b
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Result of DC measurement at poin ¢
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1000

=
P=3

AT EEH (Qm)
T

T |||||||| T ||||||||
0.1 1 10

Effective Penetration (m)

R (m)

Fig.1l &AM

100

SERTR (e d)

Result of DC measurement at poind

4TI I T A AL, R Im BRSO AE 25 E
T 52ET, ZTHEELEZOTORKE & O LR
DEIZEDEEZEZOND, HOIVER D O a TIHE
FE Im 8 TR DRI 2 7R L 72 %, EE 20m F TH
WA Lz TSR, BOPRRL) O T bIXEE
10MAF IR Z Fr o TV B S THi S a b 138 5 T
Wiz, FloMAbE DS r—v oS e dTYH, F
BE 1m DU, REE — HRPU AR O TR DTIIR & 70 2 51
WAGAES HHT, akid®ize -7, #AEDb ¢ d
WZH S N2 8 om LLEO M A F 7213 R o LI
FEGAR L, KM T AROEFEEITER L T EE2 5
5o

vV & 5

1 HERA T SIERERREORR

Table 4 |[Z#isT b (4 + 1) TITbN - ELIFEEMHT
ERERT

Table3 X 1) -1 b 1 2010 4EH#b F KRR 12 BT %
YRk BE PR 1Z, 10.06m & 13 1Im OB TH b, 2T
FA b 1O 10.06m & 13.11m O TELIEEE AN
FECxF L CHEAICELT 5 L IRET A &, HRBERE
J& (CRHETITH T K O BERREE 200mS/m D3R FE & 58
9 5) 1£105m, fE -852m & 7% b,

Table4 Hi/5 b I8 B BAIRENTRE TR,
Result of DC measurement analysis at point b

01

R (m)

=

0.1 1 10

100 1000

Resistivity (0hm-m)

LE#E R (Qm)

LAY — No. | JWiKH(Qm) | EIE(m) | R m) | B (m)
1 86.8 0.20 0.20 1.75
2 111.6 0.05 0.25 1.70
3 155.1 0.06 0.31 1.64
4 222.3 0.08 0.39 1.56
5 301.4 0.09 0.49 1.46
6 3435 0.13 0.61 1.34
7 299.5 0.14 0.75 1.20
8 201.5 0.19 0.95 1.00
9 121.9 0.2 12 0.8

10 83.5 0.3 15 0.5
11 79.9 0.4 18 0.1
12 106 0.4 2.3 -03
13 146.1 0.6 2.8 -0.9
14 142.1 0.7 35 -16
15 86.1 0.9 4.4 -24
16 43.1 11 55 -35
17 28 1.4 6.8 -4.9
18 30.1 1.7 8.5 - 6.6
19 36.5 2.1 10.6 -87
20 23.6 2.6 13.2 —-11.3
21 7.2 3.3 16.5 —14.6
22 1.6 4.1 20.6 —18.6
23 0.4 51 25.7 —23.7
24 0.1

*E LAY — No.DITOBEE K OIEEIEZ D TR

LAY — L OBRMOMELRT



A OB - FHARE R B - SEHEAIA - SRR - AR - AR - SRR R T 2 TR T O SR e SO E 17

Z ZCHIKIE OK TR L 7R ) BN KT
FTHBAKDEEIZONWTIET —F — OFERR,

o_eff =Co_flud: ¢ (6)

o_eff @ HKEOBR L
o_fluid : T KOBERE
C, m HEHICEBER
0] D B

JE
JE

L), WKEBIHETH NI T ROELREEEIZLY
PE SN D (B S4%, 1989) o & » TESIERIZ L -
TR B N7 H T K LUT @ IR PU I T K o BEA
REEICAETELEEZ LN L, Table4 LD, 20
TS T 5L A Y — No. 1319 TH 5D, Fig9 IR
EBY, T Lo IR IR TH 205, FEBIC
R ICR L CRAIREE S ERIICE(LL Tnb &
AENBDT, Figl2lZR-$ L9912, LA4¥—19& 1L
A — 20 % LB LT, MU RO KRB R R
BT A IIRPUEZ kKD D L 313 Q mThH o7z

==
LAY —19 /+ TREE9.55m, HEAH136.5 Qm
g -------------------- HLHRBE S (10.5m)
LAY —20 @ZE[1.9m HikH23.60m

200mS/miZ%f b 9D HARFUFE(31.3 Q m)

Fig.12 200mS/m (ZHfs3 4 HIRBUiE o2
Estimate of electric resistivity corresponding to 200mS/m

Fig.10, Figll IZ/R § AT #E R £ 0, 3K B 23
3M3QmensEEL S e WEdIZOVWTRD S E
e 8im, 7.2m, EEiE-52m, -40mTH Y, =
DEE W T OIRFFRE S TH D LEZHND.

2 WEOR,ITEFTEDEAEREEADGEE
Fig.7 \Z7R$H#i a b, ¢, d IZxHEd 5, BRAHERIZ X -
TME S N7l A HEEZRIE 22, 6.60, 5.87,
6.07, 6.3IMSIM THhH -7, TN LY, 1 TROIEIKIE
TR L AT EEROBRIEIFgBICRTEBY T
HDo YKL WIS a l$HE R R & L Cill
EHHOFEMET 52 T,

12
[ ]
=8 .
BK °
B
i
I
5 4 N\
[ ]
y=-7.5524x" + 84.753x - 227.07
R*=0.9224
0 L L
5.8 6 6.2 6.4 6.6

x: RNTEEEMS/m

Fig.13 FL7» |3 & 3 YUR EE o B AR
Estimate of electric resistivity corresponding to 200mS/m

Fig.13 2B W Tz ko 2 &

y = -7.5524 5 + 84.753x — 227.07 (7)
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Measurement of Freshwater-Saltwater Interface Depths Using
Geophysical Prospectings

ISHIDA Satoshi, YOSHIMOTO Shuhei, KOBAYASHI Tsutomu, KODA Kazuhisa,
TSUCHIHARA Takeo, NAKAZATO Hiroomi, MASUMOTO Takao and IMAIZUMI Masayuki

Summary

Electric conductivity of groundwater was measured in two wells on Laura Island, Majuro atoll, Republic of the
Marshall Island to clarify the distribution of the fresh groundwater. In addition, electric underground conductivity
was measured by electromagnetic surveys at 18 points, and underground resistivity was measured by DC resistivity
soundings at 4 points. Underground conductivities measured by electromagnetic surveys were converted into the
freshwater-saltwater interface depths by results of groundwater electric conductivity measurements and DC resistivity
soundings. As a result, it was clarified that the maximum thickness of the fresh water lens (electric conductivity less
than 200 mS/m) was 8 m or more at the survey line. The shape of the freshwater lens resemble those shown in the
foregone studies. This result shows that the measurement method which combines electromagnetic survey with DC
resistivity sounding are useful to measure the thickness of afreshwater lens.

Keywords : Groundwater, Freshwater lens, Freshwater-saltwater interface, Electromagnetic survey, DC resistivity
sounding
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L LCTHWDZ ENTRETH b, “CiEFEIX AD1950
FEOREZ 100 & L7246 0% 4 L L T pMC(percent
Modern Carbon) CTHEiL &N b, F 7z, HTKOEMRE
i& AD1950 4E 7> B 4ERT T 5 20 % Ll 3o ¢
{952 L THEENRETH ), yBP(year Before Present)
THERLEN D,

WA LZE2BE, iAoy F o 220N T 5
Z & T, Bk o B ER K (Dissolved Inorganic
Carbon, LLUF DIC) ZREEA T F 748 LTk
b, BoNikBYE ) VL S EE, CO, T A
HERL, KEFALLLITMBARIEEE T T T 74
MIBILT 5o BN TT7 74 e HWT, ILE
THESHTEL (AMS @ Accelerator Mass Spectrometry) (2
I MClEERMET S, T2, BHNLCO, TANS
LR AR N E & 0475 (Thermo Fisher Scientific 1%
DELTA plus) |2 X Y 4EAEHIIEH O 67°C 2% T 5,

3 BMRMMAESAEER L L AEROHEE

— BN AR BN, PR 535 & B[R] 244
SBNCIXBI ENT W 2o BRI BN 10 O [F 7
ISR TIE 7% <, ALEUSRHEAL, 5 FIEEED
— TR IC B VTR U 2 AR IR R 2 45 L, K
H RS S 7270 A DY RIS HAK IS 28 TS0 ) B
WAL B DB A 520 B o PRI HERR S &,

B FEALR D BERR R e« B & DA 72 FIAR 5 BERR T ¢ 1
KR TFEE NS (Craigand Gordon, 1965)

e =&+ &g (2)
e = (1-4d)x10° (3
ex = Cy (1_h> (4>

ZIC, a EEMICHT DA O BIR S a D
W e L CHRENDL (a =Va)s ald Maoube(1971)
MEBRIN KD 7ZIREOB L L TRkdD7z, hIZARE
AAF EPIAHRRE OMNETRERL, O<hs<1), Coldk
A D TIEEAR S & K _EORLFUIREE IS U722 5T
HY, KiEH S DOERIRETORIEOLE, HBE, KE
1205 C I ENZN 143, 125% TH A (Gonfiantini,
1986; Aragués-Aragués et al., 2000) . Bl i [l 718 43 31 1,
#3554 (LEL, Local Evaporation Line) |2t 72k % 4=
L&, ZOMEEIZ4~T7THY, FERMEDHIC X
BRI (MWL, Meteoric Water Line) D % & 1357
% (Gibson, 2002) . Gat(1995) 13T DMEE S &K
KICEYKDTHY, WAKICBIT EREROME X OHE
ICHWHEN TS (FlziX, Mayretal., 2007),

- [h(aA B 5|>+€]H
B [h<5A - 5|>+5]o

(5)

EL

22T, 5 EMAKOEERMALEZRL, KHIZE
WIS SN AP HKIZE ST 5o dald KA
HOKRBLRDOLEFMMAEILZRL, 6a= (dp — &)l a
(Gibson, 2002) X W HEE L 720 0p (X O %% R AL E
WARRL, 22 TE PU LS CHRILL 72 B o Bk 2N
FERHEA Nz, T THELTH, OlFZENEK
%, MELETRT,

4 HWTFKERDHLE
H K DEANL HC DA S LUTF 0 & 5 12HiE &
b

_In(C,/C)
t= - (6)

Z T, tidHEEENR (yBP), ColdiBERD “CiRE,
CIIHRIkD “CiEE, 2 IIHEERT A= 21, TH
Do Ty lx MC DM 5568 4ETH S,

HFAKF D MCEIEZIZRPITOERETH Y, FEBIZIZ
FENAREIZ BT, M8 o RERES 2 S OEIRIC &
D MC & T WK (dead carbon) 25158, #T
KD MCIEEIIRNEN D, ZDw, ERIHEEICE
WL RERIESI) 0 O OER OB 2 RET A -0 DR
ERLETH D, &5 IERFERBEO 1 CO~DFE
RGN EEEL, S°CEHIFELE LZUT O PCRA



TRRERE - SFARE - A 0 - AR RE R OTRRASAT A S A 7K ERRRAIZ B 5 # TR AR O 741 25

ETFIWIZEN CERDLIENTES (Clark and Fritz,
1997; Geyh, 2000) .

0 13CDK: -0 13Ccarb
0 13CcoZ @nT €~ 0 13Ccarb

(7)

Co = Ceo, (soil)

Z 2T, Cooyan 1L 13 CO, @ “CiFE T 100pMC & 5
XN (Geyh, 2000, 6%Chc 1Z 2 El K @ DIC @ §2C,
0 Cop 1E KRR D 6°C (20%0), 6" Coo, @y 1& 1.1 CO,
D 5PC (=-23%), ¢ \FIELFIE KR L 15 CO, MO [FfL
BRI TH Y, +7~ +10% % & % (Geyh, 2000), ¢
i pH, BB L TAfEL, 2 2T Clak and Fritz
(1997) AR HFEIC L D HEEL 72,

v f&Fm R

1 #TFkoKEERK
FIg3ICHTARD M) ) =T 54T 7T 0 %KY, F
K& ER L 72BUKIED A b L — B IR 24 B R
R Ag(f), DG(HETH HH, HEEOKE VWHFIZ—H
D-TIEBIZA ML —FHAE L TWb, RIS/ T K
NS X 59, #4a Ca—HCO, Ml &R L, —iiZei&
i FROKREME A RT Z &b, PUKHIZFISERE
WFAREZBKLTWSL EEZ ONL, AIEEEOHT
IRALBENH: 2 SERIL S N7 R T K, EE TR s
72 1) Na—HCO, B ) oK BB 2R L TW%, zone

Piim Wpi5
P14 i
iy A&MS ©

LIZHEST 5 9413 Ca—HCO, I # 7R3 D I2xf L, 86,
92 OHITKIZ Na—HCO, BIC /- H S 1, oM TkE
R L REME R L7ze E72, INREEBICAET S
P19 i S 13K B A A U Cw A B CchH Y, KE -
W & b I12 Na—Cl B K EH A 7R L7z,

2008 4 8 H, 2009 4F 11 H, 20104F 6 H o & J& #h T
KOMEEREZEFE (NO; —N) BEFHMHEIE, ehzn
0.98mg/L (0.00 ~ 3.06mg/L), 0.96mg/L (0.00 ~ 3.07mg/L),
1.10mg/L (0.00 ~2.88mg/L) TH Y, AN VE, FENA
IRV Z 8 U CRARE D NO,” —N A3t &7z, &EH
TIRODADAE 6 R, 8R), FErAPCE (11H) @
NO,” —N &£ 7345 % Figd 27" T NO,” —N i o> 22 [
B 75 & LCiE, FRUINEEO I T K TREAE <
FHUIN & 0 BEN 72 HE IR DS R T L A % S0t
L7233 5, FHUIO NO,” —N & 1 0.18
~ 0.37Tmg/L & AR BYITARNE 2 7R, Rk § 2 IRITLE
FRARE ORERD S, TR D & O IR 01555 0 32
DIREND Z s, HTFKRFOE NO,” —NIEE X T
BUND S DEEKIZEDHRERE 25, T2, HE
KD S IZ VT HOEIZ BT H NO,” — N dH &
Naro7z.

2 K& - BREERNMALES T

a FHRIIRBEOHBKDERRERMALDH
FHINRIBE O FE A D §%0 1k, EEmdaEm vl
(2,702m) B O FAKITFEMAL NS <, BIR#IZ
VIR R OMEKIT ERIMAIZRE 725 (Figh).

@ shallow groundwater (Aug. 2008)
© shallow groundwater (Nov. 2009)
O shallow groundwater (Jun. 2010)
M deep groundwater (Aug. 2008)
@ deep groundwater (Nov. 2009)
O deep groundwater (Jun. 2010)

Fig3 MUY ZT¥AT T T A
Trilinear diagram
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(@ AW (2010 46 A)

(b) 22A D3N (2008 4F- 8 H)

(¢) FEMADNE] (2009 4 11 H)

Figd {&EHTKD NO,” — N 57
Distribution of NO;~ — N concentration in shallow groundwater

Mt. Haku

Mt. Dainichi (2,702m)

(1,368m)
0 5 10km
e e—

Figs FRUIGLIEIC B 2 HFEK 60 554 (LR S, 2010)
Distribution of %0 in stream water of the Tedori River Basin

I, FRARG RN ED—DTH B E R ORI
X%, 20084ED T — % (LJE 5, 2010) (2 2009 4F 11 A
WERAK L7z 7 =% 2L, “FEEE L 50 o %
ZRo7z (Fig6). HFEKD §%01F, —12.12 ~—8.51%
DFPFAPNC AT 5o T72, FKL#EKRD 60 4
ZZFoME XY EREOKOERMEE 72 5720, FIgEE
PR & 0 B o EKISOFIEHE & Lz, ek
Haedr bk b - UEHROME S L0, FRUIGEK
DOMFEKDEER 1L —0.22%/100m L HEE S b, H
ROMFTKE R G L 2HE, 6°0 OFERFEIL-0.25
~ —0.15%/100m T& b (b, 2005), FHUIGLI O HFE

2000
8180 = -0.0022h, — 8.008
R2=0.71
£ 1500
< °
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g
2 1000
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Fig6 EAKBOFIER & 5°0 OB%
Relation between §'0 in stream water and mean altitude of
its catchment area

KOGEGENRD N ODEERIEE L VR S, FRIO

60 F1 il 1% -10.28%0 (n = 9, 2008 4F 8 F§ ~ 20104E 7 /)
THoto THUE, FHUINIERE RO E KL
TWh720THY), HABTH2EKRAOREAK LD S AHKT
B AR R AR & 7R d s

b KR UHEBEAKNDKSE - BRRERMUALS S

PU 1 5 CHREL L 72 Bk o Bk 35 %2 5 A Ak e 28 b %
Fig7 l2"d . BARTIE, EFITIEIRFEDPS OWE 2
HiRRC A B L, AT KEED S O L 7255
J - RS ERT D mEDTE VI EIKER OGS 5
FIEAVNE L, AR E W R ASREK IS i S
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L7280, — AN BoK O R ARSI EICE C, A2
w@%m¢<$mm-¢#,mmoimm%wm«@%
Kb FERED@EIN 2 RS BEKD 60, 6D DREKEIZ X
HIMENIGIEZFNZEI—807%, —43.94% T, itk
DOEEF % R TG (Figs) & FJE L 7% \ve LMWL
(Loca MWL) 13 6D=8.056"0+1952 THE &N 5,

A HKIEFTES TR 2 S ROk S, Bk
ZIRDS % D A KBRS & 0 FR P 0 & 7K FH B K
ENb, 2Dz, FRUINOFIKE AWK
—THDHLH, DADENTKIL, KHEHTORAKPIZ
RO, 275, Fig812 20094E 5, 6, 8 FIZFRHL
L 72 RN @ 9 2 Bt > FHTRIK [z OVK AR D 52 A3
WKD 6T AT 5L (5%0—-0D) #RT. BIEDE
BA S -MEARIE, RAKE2S/AN, HE 421~
458 O LEL FI2Ai§ 5o 3B & BFE 7234 @ LEL
X, 0D =4716"0-1584 THEN D, i, Ffl

IR TR AR A R A © P 72K I AR IR AL

30m

2 U U 0
0 H H U 100
€
o 200 £
. 1 snowfall s
8 4 3 rainfall 300 §
~ —eo— 3180 =
Q S
% L
© -6 400 S
-8 — 500
~10 600
-12 \ \ \ \ \ T \ T 700
© ~ @ D o — o~ fml [ae}
< < <4 4 i o b 3 L
fos} @ @ s} =5} <o} @ D [}
o o o o o o o o o
o o o o o o o o o
N ~N ~N N N N ~N N N
Fig7 FEko 60 %Ak
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Fig.9 JKH (PU i) (2
Daily fluctuation of ¢'°0 in paddy water and water depth at PU

B3 60 L OKiED HNZEAL

BT 2 W T KBRS 27
AR ) TR T & T 720 TR EoRIE o 2 1 R R
T % K 2> & DS OB FIRLAR 535 O BB (54 5
2009) &\ z, HMIAKIEZEZIHE D R A4 U T
Wb, BRI YHEEEI NS5 6, 8H, MHTFHD
FEMOME XL, ZNZFN 4.42,434,4.43,441 TH - 72,

INEY, B L FAEICE RN 2 EE YT A 2 &
TKHEIZBT 2 EBFEOFEZRIEETRRE VR 5, 5,

6, 8 H DHTEAKD 60 FIHIZF N2 —4.32, —6.86

—9.28%C, FRIC X VR 2, 2L, MoEREED
<, HEOWBEEDI/NS W E I EHTE %@#k%
<, RRRIC & ) HE AW S b 8 HIZZEIE DA /N

Bl wz b (EHS, 2004),

Fig.9 |2 PU #h /K B1F 2 HITE KD 60 K U7k
WOHWNZAL (201046 A3 H) 2R3, 22 TldK
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(@) AN (2010 426 H)

(b) AU (2008 48 )

190 (%)

(© FEA AN (2009 4F 11 H)

Figll EEHTKo 670 546
Distribution of ¢**0 in shallow groundwater

5o BIH® 6 H 2 HIZKHPIAND ADY KD 11,
ARG K T AR K T BASE L CTuvrze G S h
T2 AHIIK (60 1 —10.19%) (EZK NI SEIF 12
FIEAS > TBE LT, KIOMIED PaT 50 13K <, Ph,
P (ZAHR IZE Wl Z 7R L7z Pa Pb, Pc\W Lo
BBV H HEAD 60 IZHHFE E &b IR
W ER L, 18 LD 50 21T IFH IV E 2 5 (P,
PC)o 72721, 18~ 19BRIC—HEMGICH/AK T2 B &
72728 Padli i 2 ADSVIKDF AL X ) D 0B0 IZET
L7zo HMEKIELEL B2 Ai5 52 &5 (Figlo)
HIE KD 60 O _FFIZZETEN X B FIAAR G DR 5E &
W2 be F778~ 18K L 0.93mm/hour, 18 ~
22 B D K% 12 0.25mm/hour Td - 720 R IE H 2
WRTEEDPBOTNSL B blz0, 60 OZEALH /N
KL rolbkZions, 3 TOHEAD 60 Fi5
flilx —4.23% Td 1), 200945 H 28 H O mAKH#N O H
KD 60 FIGETEH B — 4.32% | VMER R L 770
c HWTFKOBRERERMALSH

FHUNF RO EEH T RO ADCE (6 H,8H),
FEDAD»CE (11 H) @ 5% 54 % Fig1l 1Z/R”"$ . B
HTR L2 &) IZFRJI O 50 F5 Ml 1% — 10.28% T
D, WFNROBIZB VT, FHUID SRR K
J& ~[RIRARAGIZER IR T H B IR DR E D LT\ B
ZEAURENT, Fig.12 13 2009 4E 6 A K O 2010 4F 6 J
DEBHTIKOKMN T > & —%RT o DAL IEDR
ADSCII TR ZIT R 258, KETERIZELL T
bo BB, ARy MULRHT KM TIZE KR Y 70K
BIRNT 5o FWIESA O FRUIA B O # T kAL =
YF—IZINATLTW B 2 5, i)l DREX
FIEMA OGS N EEZENLD, PO 5HiN D
HF ST JEERAT R 20 & T B 0L 2 2 U T 7K D 152 5 S
PR L T Db rb, —HT, ARG R
U TRJIR O EE I NS W E W2 5 FRHIEER
o zoned 12 B L EEHT KD 50 1%, KRB O

Wi —8.71 ~—-8.60% TdH Y, FHJIILED zone2 ®
HEH TR (6"0 F#ME-10.11 ~—9.84%) £ LA
HIIZRE V. ZNE D, FRHACHE TR D=
FEOREIL/NE , KEAROFEKIZ X B HEOFREIKR
EVWEEZOLNL, T/, BRMGRAZHTT 2O
WK D 60 15 —9.60% (20104E6 H) Td 5%, b
FERHL T KRNI KDIREIE R ST, B0 S5 KE
ANOMDOZED RTINS W EEZ BN D,

PU i T CHRAK S - g i T 7k (PUS0), g i~
7K (PU150) Db KA K O 60 21k % Fig.13 127" 7§
W R AZ TR B H T AR AR 12 DS, K2 B ) L
TWhbe $72, DA VEAICIERBHIT K & DR AL
KL, FEDADPCHNARMZE TN BEMWIZH 5,

- RE T KD 6 °0 OFIGEIL, N EI—822%,
-935% CTHhY), FHMEBLTH LDETAHL, HEE
KD PO E, WM AE L CERBHTALD KN
%R, T/, 00O DEMERAEL, B - ERBT
KZFNZI 0.26%, 0.11% TV, HEHT KT
WCEBESRE L, EBEBT RISV, EEHTARD
00 I D AN VE & LB OB B RS B BN ATH
Sz 2 ADSWHNL R ARG OB % =1 72K H
MHDOEIKORED M T KENZHZET L7200 LE 2
bitb. F72, 20094E 11 H22 6 ® 3 » Ao FEKEIX
864mm TH V), WTFAMIIFHSM EHLTnwb, Th
L0, 2009 EFEDAINCBVTIE, BERBIEOE WK
HEEBTRICHEL, T KD 0% LRS- E
EZOND, iz, bk Lz—FERE L mEREC, &
HFK O NO, ™ — N 1339 0.88mg/L T3 5 DIZRF L
T K25 NOy —N (I & e o 72,

3 MEMER A
a bJFIL
HOHIT K T LWHE N ARORED v EARGE L 72
G, WHNICEELIKEIFHZICN ) F 7 80Mbs 2k
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HEH Tk O T KT S3AF (2009 4F 11 1, 20104E 6 H)

Shallow groundwater table in November 2009 and June 2010
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Profile of groundwater level and ¢*0 of shallow and deep groundwater at PU

W7, FWINHENET 720, HvwKizE M) T
T LATEEEIZN S e ZORERFIE L, BT ROELR
LA HEE T AT, BEEEICE T AT
TWw5b (5R5, 2001), Figld \ZTHUI, FuEREK,
PU i & B Tk (PUSO) - 2B Tk (PU1S0) O
MU F T ARERRT, FHUI, RumiEK, PUS0 O
R F oy AR 3.1~ 35TU & AR L Nz
lERLTHY, HBRWH LT REIEN SIS, —
75, PU150 i 0.1TU & #i &> TV iR %2 78 L 720 2009
FERFECO0ITU 2789 U F 7 20 g, ik
TOFHRBEBRLIED B O N ) F 7 ZEEERE &
LI s (Figls), FRUINEIRIOZERE T K

&, A7 < &b 1950 4ELIRT O K I #AE S 7z Tk
THbHEVWZ D,
b 'C

Table 3 |ZEEH T K 0> MC i K OSHE 2 4R AU HE S %
R o H2TO MCIEEIL 686 = 03% THh - 720 HiIE
1ClE, RKEEED S OBRMORTEE L, LKL
AEBLERWV (¢ =0 Hifliz o CEF VB L7,
e \XTHAERF O pH ITHKAE L CEAL T 525, pHA7H S
WIZZF N EDEA, HCO, 12 L T HCO; @ E V45
TP EAT L7720, FREEHRICKRE 2EZTEL W
(Clark and Fritz, 1997) ., 7z pH %8 6 LT D34, H,CO,
DENVGRERPLEHAL e 12 012HHET 5. fiE 2 Tig,
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for t* s

Tritium Concentration (TU)

901

0.0 T T T

TR SP PUS50 PU150

Fig.14 FHUII, K, & - EETRO M) F 7 LEE
Tritium concentration in the Tedori River water, spring water,
shallow and deep groundwater

pH % 6 ~7 TEAL S Te 2rTE L, FERHEEEIT-
7oo F7o, BEICOWTIIRE M FKOF M KIET
5 1AACHINE LTz, Table32URT X )12, FEEih
TAROHEEAAL, 1000 ~ 3000 4+ — ¥ — LHEE S
oo TNOHORFERIEZ M) F 7 2%IBEL LEEREE
LEENTH S,

Table3 *C 2 & 2 B T K DEAEE
Age dating of deep groundwater using *C

e s%c HEsEEA (yBP)
(PMC) | (%) | #IEZRL | HHIF1 2
68.6 -18.0 3,030 1,058 1,664 ~ 3,973
V £ 8]

1 RERTKOBEEREDHLE
V= YRloEBHIT K, FRUIRIIAK, BEK, HK
DEFAT T L% Fig.l6 c’/?a“o TFHON R R > 3
BT RO, KE - BERMAELG A2, T
BN 2> & O E, KA /ufyws}?ﬁhk ek E Wz B,
LMWL 1% §D=8.055"0+19.52 (R*=0.67), LEL iZ D
=4716"0-1584 (R*=098) THEHEN b, Z 2Tl
B OB TR S N5 EEH T KO A % GML
(Groundwater Mixing Line) &3 %, 7AW - JEA
W Z g7z 3 2 S & L7z A, GML I 6D
—6315180+233 (R*=0.90) “C?Eéﬂéo 6FTAT T
AZBWT, RAKEFEOKIZMEE 8 DM LIZHHT S
(Craig, 1961), LMWL O X (X805 Tdh 5 %%, F/EH
T7J X LMWL 225 8N THAT 5, Sk, #AKFD
IR W R AR A L2 J8AE S 72K 22 A DSV KO 8
WEBL\WR b, GML OE &1 LMWL & LEL D[H

%0) N
IZHDHZ Ens, FIRMNOEREH TR, FAKEIEE
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Fig15 BETHO M) F 7 2085 L il
Tritium profile in rainwater and decay curve of tritium

KHEEERFEORDOESIZLVER S NL Lz, &5

V2R T AR FAAR L SR U A 5 DR &K D
REDEEZZT 5. TRUIDIREDFE L )EEED
zone2 DM T KTKRKEL, zone3, 4D TFRKTIEFD
HEINIPN S W,

OFAT T AIZBWT, WK, FEAK, KH»
5 OEAEKDFEYE 6 B F N ZFNIEK S EM1, EM2,
EM3 (End-Member) & L, EMMA (End-Members Mixing
Analysis) %1757z EMMA (RO u s TR S
B HFIK - KIS B W TEER G ORAE G &L
T57200FFE L TEASN TS (Bl 21F, Hooper
et al., 1990; Ladouche and Weng, 2005), 7 % 6%0, 5D
R ORDTIKE R CIRA LA, AbFEEIC LY
60, D IREHEL\7izoH, EM lﬂi@iﬁﬁ‘l&ﬂ%f:
NTWw5, Gehrelset al. (1998), #IF & (2003) 1%, %
JER O T HOKOBIEI» S, KBAHEO SHEONT O E I
BEBBIZBWC—ELT A2HAIZ R LTV, ZL&
D, SCTEHEEZROTPHMELmES L L TH, F
I 60, oD P31l —10.28%, —63.68% (2008 4F
8 H~ 201047 H) % EM1, PU #i 5 TR L 7zB&k D
00, 6D V191l —8.07%, —43.94% (20084 6 H ~
200943 H) % EM2 & L7z, HEAKD 60, 6D F3
fEIZZFN 2N —-6.82%, —47.93% (200945, 6, 8 )
ThH0%, HENDADKOPEE S N2 FES A HHT
NORFBIHIBELTBY), T ~NEES LTV A KITH
HARLD QEVWELZRTEEZOND, T TIHHHRS
Nz ADSVIKDSHER IS, LEL & TR [ AL 1A
e LA EIGEL (Figs9, 10), KHD S 0iEzEK
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Classification of Recharge Sources of Groundwater in a Paddy
Dominant Alluvial Fan Based on Geochemical and Isotopic Analyses

TSUCHIHARA Takeo, YOSHIMOTO Shuhei, ISHIDA Satoshi and IMAIZUMI Masayuki

Summary

Geochemica and environmental isotopic aspects of groundwater in a paddy dominant alluvial fan of the Tedori
River in Ishikawa Prefecture, Japan were investigated during paddy irrigation and non-irrigation periods. The
distribution of stable isotopic compositions of oxygen in shallow groundwater revealed that river-water dominated
groundwater flows from the right bank of the river towards northwest, and the contribution of infiltrated river water
decreases to the northeast in both irrigation and non-irrigation periods. The river infiltration has a significant effect on
decreasing the nitrogen-nitrate concentration in the shallow groundwater along the Tedori River through dilution.

The groundwater mixing line (GML), which is a regression line of stable isotopic compositions of oxygen and
hydrogen of the shallow groundwater, lies between local meteoric water line (LMWL) and local evaporation line (LEL),
determined by linear regression of observed rainwater and paddy water. It isthus deduced that the shallow groundwater
is recharged by three sources. rainwater, paddy water and river water. The mixing analysis of three recharge sources
suggested the contribution fraction of each source to the shallow groundwater, and indicates that the infiltration of river
water can be of great importance in keeping self-reliance of the shallow groundwater and its influence is not limited
only to areas around the river.

The differences of stable isotope compositions in shallow and deep groundwater clearly imply that both
groundwater take different flow paths with little interaction between both aquifers. The age of the deep groundwater
are estimated from tritium profile to be pre-1960s unlike young shallow groundwater. Further, age-dating method using
“C activity estimated that deep groundwater was recharged between about 1,000 and 3,000 years before the present.
The estimated residence times al so justify the difference of flow mechanism between in shallow and deep groundwater.

Keywords : aluvia fan, environmental isotope, paddy field, groundwater, recharge source, river infiltration
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1H9HIZ, &1L 20084F 1 H 14 HIZZNZENEE
SNz,

BAKTOT FVEEOUEREY Table LIZR T 5
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Tablel DL IXHHDEKRD T N iR
2Rn concentration of springs in the study area

Springs Rn [BqL 1] M easurement
(DFureai-no-sato 126(+1.3%)
(@Hiyamizu 53.9(+0.6% )
(®Inaba-shuzo 24.8(+0.9% ) "
o Jun. 8", 2007
@iIchijo-in 83(+1.6%)
(5K okage-san 131(+12%)
(®Ozawa 6.5(£1.8%)
(DMizuho-minami 6.7(+1.9%)
(®Mizuho-kita 9.7(+15%) "
Jan. 97, 2008
©Yatabe 57(£20%)
OHanari 19(+4.0% )
MHanamuro 42(+24%) "
Jan. 14", 2008
(2Sakura 45(£22%)
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Table2 #Miiio EC, K, 7 FYREDTIGE L OEERE (CV), 745 NTHPE DB & ¥
Means and variation coefficients (CV's) of EC and “?Rn concentration, and periods and times of the measurement

M easurement EC[mSm™']  Temperature [C] ZRn[BqL "]

Sites Period Time Mean CcVv Mean CcVv Mean Ccv
(DFureai-no-sato Aug. 20th, 2007, — Dec. 24th, 2007 18 1.4  6.70% 153 580% 149 (+1.2%) 8.80%
(@Hiyamizu Aug. 27th, 2007, — Dec. 24th, 2007 18 1.1 3.20% 148 990% 589 (+£0.6%) 6.70%
(DMizuho-minami Jan. 28th, 2008, — Feb. 25th, 2008 4 346  4.20% 9.9 27% 6.9 (£1.9%) 17%
(2Sakura Jan. 14th, 2008, — Feb. 25th, 2008 5 271 1.90% 95 40% 47 (£2.3%) 24%
ONIRE (IBN) Jul. 19th, 2006, — Feb. 14th, 2008 89 11.7 16% 17 7.30% 7.7 (£1.9%) 36%
ONIRE (15m") Jul. 19th, 2006, — Feb. 14th, 2008 89 131 13% 17 570% 86 (£1.7%) 18%

TIB : KHEE T, 15m : % 15m

s QD prr e e
)Q: O

L= o W 0...9 ... A..... 8.
g 30 o) © ©

'5 20 f==e Q """"""""""""""""""""""""""""""""
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0

0 2 4 6 8

setting duration t [day]

Figd 7 4 )V A DOREWIM t & HE R, OB
Relationship between setting durations t and partition ratio of the film R,
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EC, ?’Rn concentrations, and groundwater level at the borehole in NIRE, and rainfall in Tsukuba City
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Relationship between *’Rn amounts absorbed in the films A: and *’Rn concentrations in groundwater C,,

Table3 # 1LBEMZE L/Z2ED 7 4 VA0S N URIE A & FLER R, OB L LR
Means and CVs of “?Rn amount absorbed in the films A-and partition ratio &,

A: [Bgkgl. R, [nounit].
Sites Time Mean cv Mean Ccv
(DFureai-no-sato 18 390 (£3.7%) 3.30% 26 9.30%
(@Hiyamizu 18 1500 (*£1.7%) 5.50% 26 6.80%
(DMizuho-minami 4 210 (£5.4%) 13% 31 14%
(12Sakura 5 130 (£7.7%) 12% 29 15%
ONIRE (IB") 64 290 (£5.2%) 32% 45 67%
ONIRE (15m") 64 300 (+£4.6%) 16% 38 47%
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Applicability of Polystyrene Film to Measurement of
Radon Concentration in Groundwater

YOSHIMOTO Shuhei, TSUCHIHARA Takeo, ISHIDA Satoshi and IMAIZUMI Masayuki

Summary

Application of polystyrene filmsis a new and simple way to measurement of *’Rn concentrations in groundwater
at sites where sufficient sample water is not available to apply existing methods. In order to examine the applicability
of the films, we set the films in groundwater at springs and wells in Tsukuba City, and measured absorbed amounts of
?Rn in the films along with *’Rn concentrations in the groundwater by an existing method. Practicable duration of
the film setting seems to be a week, because partition ratios of the films would remain roughly flat after 5 days from
installation of the films. The measuring method for “?Rn concentrations using the films would be enabled by making
aregression curve between *’Rn amounts absorbed in the films and *’Rn concentrations measured by the existing
method. At sites where groundwater sample of less than 50 mL is available, errors of measurement using the films are
estimated smaller than those by the existing method. Measured *’Rn concentrations by the films seems to reflect not
instantaneous concentrations but averaged concentrations in the setting durations, which should be confirmed by future
studies.

Keywords : Radon, Groundwater, Polystyrene film, Liquid scintillation, Easy method
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Tablel RMEZEITHHRD AT
Information of Check and Deterioration Estimation
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Characteristics of predictive models
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Construction and Practical Use of the LCC Calculation System of
Irrigation Open Channel

HONMA Shinya, MORI Takehisa and NISHIHARA Masahiko

Summary

This report shows the architectural thought of the LCC calculation system and future improvement. In addition,
the report shows use possibility to the environmenta estimation of the LCC calculation system. This LCC calculation
system calculates timely repair expense about existing agriculture open channel made by reinforced concrete. This
system carries out L CC cal culation with measures method corresponding to the degree of a deterioration prediction and
the deterioration. For example, the LCC calculation system automatically makes a deterioration prediction graph using
a single deterioration prediction model and Markoff chain model from check information. Moreover, LCC calculation
system can set plural measures method of construction scenarios. Therefore, a comparison of LCC of the different
measures method of construction becomes easy. Furthermore, LCC calculation system was shown to be applicable
to simple CO, emission calculation. From these, it may be said that this system is a simple tool performing LCC
calculation and CO, emission calculation.

On the other hand, the problems of the LCC calculation system are as follows.

1. There is not the deterioration prediction model corresponding to each countermeasures method of construction.
Therefore, it is necessary to prepare the deterioration prediction model corresponding to plural deterioration
patterns.

2. There is not a budget adjustment function corresponding to various situations. Thus, it is necessary to plan the
improvement of the budget adjustment function.

Keywords : irrigation open channel, LCC, regression prediction model, Markoff chain model, CO, emission
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Table2 SFHEHEOHHE
Sound quality of sounddscape

T e LI
iR - 4 N
SEHOROWIN | 7HHEAM | BOEEME | WEEENTI | GUREEIE | % A
Loud [sone] 26.70 3.40 2.30 10.80 10.20 4.90
Sharp [acum] 1.26 2.97 2.02 1.27 2.35 1.61
Laeq [dB] 70.50 52.20 53.90 57.40 63.30 47.70
T R
im% “ .- B ‘—_
KISt | RMEERS | HIA Tk ﬁﬁfiﬂi‘ WROLOW | B
Loud [sone] 11.30 5.10 19.80 30.70 17.70 26.30
Sharp [acum] 2.49 1.69 1.37 1.30 0.84 0.98
Laeq [dB] 67.30 48.20 66.60 72.30 64.10 70.70
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No. A 8 W FRA 55
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3 0.235 0.029 0.974
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Development of Evaluation Method of Environmental Sound that is
One of Regional Resources

— Research on quantity evaluation of relation between Feelings and Sound quality of Environmental sound
for Regional resources management. —

YAMAMOTO Tokuji and KURITA Hideharu

Summary

An aural design in the farm village landscape is examined. Feelings and actions cause when listening to
an environmental sound by using the semantic differential method to establish the evaluation approach of an
environmental sound are caught.

Asaresult, it was clarified to an environmental sound to be composed of three action factors of “Contact action”,
“Geostationary action”, and “Rest action” and two Feeling factors of “Quietness’ and “Excitement”. Moreover, the
relation between the evaluation of the factor and sound quality of Loudness and Sharpness was able to be clarified.

It proposed to express the relation between “Quietness’ that was one of the factors of feelings and sound quality
by the expression. As a result, a quiet effect of an environmental sound can be evaluated only by setting the Loudness
and Sharpness. If these evaluation approaches are used, it becomes the indicator of the design of an aural performance
of an environmental sound in the waterway and the village.

Keywords : landscape, sound quality, environmental sound, semantic differential method, regional resources,
loudness, sharpness
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Development of ‘Communication GIS’ for Settle on Rural
Planning by Residents Participation

SHIGEOKA Tetsushi, KURITA Hideharu, SHINDOU Keiji, TOMOMATSU Takashi,
YAMAMOTO Tokuji and ISHIDA Kenyji

Summary

Recently, the process of settling on the plan of regional promotion and environmental management by the residents
participation is requested in rural promotion measure. The system is requested on the site though the system that
evaluated the regional resource overall was combined with the landscape image simulation system. The rura planning
GIS is made by the cooperation of labor of the engineer and the local residents by using this system. The purpose of
this system to overlap plainly and to evaluate information that everyone has in the residents participation. This system
can attempt the promotion of an effective, efficient use of farmland basic information. It introduces ‘Communication
GIS for the resident participation type rural planning decision support to do a spatial overall judgment of regional
resource efficiently and effectively in this report.

Keywords : residents participation, rural planning, workshop, GIS, regional resource
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Difference of Benthos Fauna in Paddy Drainages on
Environment-Conscious Method

MORI Atsushi, WATABE Keiji, TAKEMURA Takeshi, KOIZUMI Noriyuki and PARK Myoung Soo

Summary

We analyzed benthos faunain a paddy drainage that had been conserved or improved with environment-conscious
methods, Conserved section, Wall lining section: only walls of drainage were concrete lined, and Concrete lining
section: bottom and walls were concrete lined. Average population and total number of species in Conserved section
was less than in Wall lining section. And a proportion of the species that depended on the terrestrial organic carbon was
high. In Wall lining section, average number of species, total number of species, diversity index, average number of
life type and average number of feeding groups exceeded the other section. Stones seemed to have much to contribute
to make the benthic animals abundant even in typical cross-section that had simple configuration. In Concrete lining
section, even though total population was the most, the indexes of species diversity was below Wall lining section. The
reason for the imbalance was explosive breeding of some species that adjust to the unusual circumstances in Concrete
lining section. We recognized that there were the difference of life type and feed groups among some environment-
conscious methods.

Keywords : paddy field ecosystem, agricultural infrastructure improvement and rural development, benthic animals,
drainage canal, life-type, functional feeding groups, diversity index






e LI 211
109~119, 2011

109

BT L ASEE L X OFUK 7S5 — N T T EE O FHG 5T

Y JTEAC *

H
1 7‘%‘ %‘ ...................................................... 109
T T L DBLR e 109
1T HTF L EIUE e 109
2 MTLOMRE ZOHEBR -oooveeeeeeeene 109
3 T LAD CDETDE corvrrerreeemmmmmnnne 110
M FKEFH BT AT Leerrrrrrrrreeeeeennenen 11
1 FFEEEHEIC BT SR T L OB R e 111
2 FHKEFHAD T LD JHL coeeeeeeeemiiennn 11
3 W LHIOAKPEIZBE S BRETE oo 111

I &

[

CH L W B b o — BRI F % JRAE IR B 12
TAHKHEMETH 2, HEATIZZ I K 22 64Th
NTE7DS, BFICEBERICER Lz, T LIZFICH
¥LEoOME, Tabb%E LIEEHERT 57201217
bbb, —F, mT LoOMEIEZomitAOMM & ks
% EPUREDSIHAD T 5720, KEFREEOBT S IXE
KT & LCOMEMNIT SN L, SR, BEEEREC
BRI LEOMEY & ) FARWATRE LT, FFL
IR REEOH - L ZE I RDEN TN EERS
N5e T LEOKIEIZoWTIE, BHholEkE
(Fshm LiREmOf) & FEHL2II ko Thw
BEN%\ 72, BT LR &koTUKER 2
TUZHIFR T 5 7 L DB EIIN L T EDREDFEE K
TSN T o7,

AEE T, HEOHT L ORI O KT IZB 1
BALEATIF 250 L, RHEBEEMLX 7 @i R e L
T~ 7 O L &R X UK = o B RO FHF 54T
1190

* R - REIRR SORE IR 2

B R A IR ET HERIR R A LA HEF 78 T — 2

P23 24 H S B

F—T— FOKHEER BT L, BUKE, KK, KEE

- w HERR > - HEAREE IS *ox*

K

4 (,EE'E (E)E Hhy IZ %) EI 7](% .................................... 112
V MM ORI INE — 2 DA reereereeenens 112
1 SRR OBETE b ST covvveeeeermeeeeeens 112
2 ﬁ\;]:ﬁ—ﬁ:% ................................................ 112
3 HUIKING — L DEEE cveveeeeeeeee 116
V % ...................................................... 117
Z%%j(ﬁk ......................................................... 117
SUMIMETY ++++++eeeeeeeeesesesesesenenetttitiii 119

I FFUDERIK

1 FFLER

B TR RS (B TORS4, 2003) 1245
L, BFLICOWT [TRos#EERNMS, &&E51o
el E oo IR E DO WA 2 AL, ERLTK
HaeTL, —EMREICT 228, REICEmEL M
L, BICIREETRZ 284 RROBEZ ik, ROWEDH
WXL L FFFICEFEOEMEINS 2 5, B, HE
AR THRIZAE R (FATL)]) LS Twi,
F7o, HBEICRREANDZLICL B TEOBKUBER
OIS BO G T OD5EZMMZ L 2L &b T
LOEFESINTWA,

L ZBRIGT AR, 2 E oI BWT3E
B & O HNF T ONHT LR 5 D2 F D EHE
ET L ENERIFEL Yy I D ERINA TS
B, FOBRLE R HEIIHM A B —r HTh b, H
Tl Z FEIADSRE B3 ISP T LORI O BB T2 2 L12%
bo FUODHET T 5 LRI AIEE ) AW 5
A, WO 1 AR T LETHRHOEZTH 5,

ERARE L v 5 — DR 2 L o#IIE—AM
TRETH D HIHAL s, BEHLTIE 20 H % 8 2 5 iR
LAz o8Ik 2 BT LoERKD B S
N5 OKEHEMFES, 1972), —F Tl Cld I
oL EPIEINTWE, TORRICHERI AT
LR Id s ic X - TR L 5,

2 hFLOEREZDEEER
I LAV AE T OO DRUZEA S 7223 5 2



110 B LEERF e el 45 2115 (2011)

TIE WS, kK (1964) (H T L 02l 25d 5 711
ROBEZNWCOPRL TS, TOZEPHEL LD
ILEBAAIZIEHh T LA =8 THEBEN TV E W R b
A (1964) (& [7KAR M BEAR B 2L (RS G,
1933) ] ISRk EN TV B LA R L, 22 /T
FL HXTEIHFL) PAEBBSINTDLIEZRL
7o AHL, BRHENZIZZ O NITHAKDEE 22 —Ho M
WIRS T (Y, 1970), & 18 iz xf4 & L
T 1940 4E720 5 1975 4EEH F CTE ORHPIZ AV & - fifE
FAARA SN TS (HARREENZRR - BK4E, 1970
B Ok, 1979) 0 XD —#IzE LT L 2 %M L
TWAHKHIZ5 X (1940 4F), 10 #[X (1955 4F),
12 #1[X (1965 4F), 12 #1[X (19754F) & REBIZHML
T2, IR 4L FEREVESEt (BAA, 1967) 121dH
T L ERHERE O SEFRAEIBR SN TV 5, FEiiKH
FEOBHER RGN A 3 2 856 O 2 EFIH1E 59% Th
5o Mt ) TlIAbUEE DS 2% & 13 & A L ThiIL TV wn
—75, #t56%, dtkE68%, B 51%, HIlI65%, H
1 69%, #k 65%, HIE 68%, VUIE 67%, JLIN 75% &,
Je g DAL C LB, E o K FHETEFE ©H T L 255 HE
ENTW/z, EHS (1984) TR L LTohTF L
&, SR RRKEGIEOEA LKA RIS
EERBWT—RICEEZE LTS ELTBY, BETIRI
METHOHRTLAMES N TWE, ZOBICHT LIZE
2 HE S LTV 7225, FRHIZHERI R o TEHEIZEE
AR L7z

BT L22dic 8 K LAEAHIEWONEZ BN D,
KVEAAR—REFEEVPHE 24 FE2 5 FEBEN/28, 1
MABEZTVWINIHPFLEEMBL VD, TS L
D, FNRETRODHEA > 72K H ORERE D I &
LTEHENPOTLEDRY, T LB ERTEIE oL 8
A (2003) (ZfEEL TV 5. T/, KHEEOEKN &
FREIGE B9 2% (RRPEIC BT 5 T3 LRI § 2
Wige) 2SHEA 31 ~ 3B FIE i S 7z, $5A (2003) 13
ZOWFEDOKERE, [KODFTOE DG % )7 Ed S
SN, RS BRICER L] LLTwE, ZoRHICH
FUAZ%E LR RO & % EH Y 5 ECHM 2B C
D EBHESN, ENELZ D BMN R FEIRS NIz,

—75, 1B (1984) (LHAFT 20 FAXHT 12 B EE 2.4D O
FIHGLR &I T o2 LTHB Y, it (2005) &, [H
TL &) Efrig, FAARPEHBEICMHEZ, (LR 2
Lo 72HROFATTH A & LIz 785 S (1986)
& TIRHEK - BIWHEROILRZ WHEL S Lo EE 2 4
e LT, KHOEBEREOMENH L | gL Tw»
%o MG EES % HE9 & 3 KA OHMEEMmIPT L%
FERE T S/ F B R FMO—D2EF 2 b,

BRI AL AEPEVEMRR R T L 2 i L 7 WL A
AR EN TV S, 1FEAEERKL T2 WL
B % B IR B0 D HL & Z o RIZE G, K
MOAREH (31%), HEAKAERE (22%), AAE (13%),

KFMEST (10%), JEAKH (7%), 5 HFEE 6%), £
Ot (11%) TH 5o Kt W ARH, HKARH, F
KHEEREL-EGEAFITA2L 60800, b
RIS A B REEOMEBEL T T LOERIZBWT
FEETHLIENEMNITENRTVE, BB, REELRI
KIFMAETOH T LOEBOBEEZERNE 2 ->THEY, b
5 (2001), Ak (2005), FHH S (2010) 13/KIELA
LREBMHAE TR T LAEBS TRV T & 2
LTwb,

3 FFLEDHCHIRANENE

T LOMEEIZ ERL72EBY TH DS, EimbEdrnt
FRBBEANDREE I Z OV TH - a&xE 2z Rko5N5 X
N> T &I,

WA, BSOS X D KO REEKTARMEE %2 -
TECTW5h, KIE - IIF (2009) & &k ERy 5 % Mt
L7275, FHREO—2 L LTHhTLER L. BT
L OFEMIC L 2 EREOWHNE A A DB T it %
WO Do BMOKEE TR L 72 R 13 4EEAKRRITEIC B
I 5 i ER R OFETIE, FENRIED ) H 65
THT L ORI R AR S w7z (EMOKE
4, 2002)

72, ROEIZREHKOFEOLHMNEREC b LA
FoTWwhe BT LICE D —REIIKEIZTRN S Tim R
K BT B KO ML AR R CBRIE I A L T8 %
2520 b, ay/ M) EDIELZH>TWELIE
JE VR B R T UL, BT D KEEY ORED 72D 12
T LA L) SEMEEESE S [HTEMREE] A
FEREN TS (KB, 2010). F& RO HE IS
H 5% HIY LA TERT LHNCHEERD 720 O FIK IR %
Ei LW E2X D), FLATROMNNGEEIEA LT
Who F7z, FERIKED S OHEK S A7 B b 2k
W T T OMEME T I %, TNEWUHET L7
DIZH DK F L TENRBOBRAHKALN TN D
UK&JEH%HE, 2005) o

—J5C, T L OFOEE % R BRI E  2E
FTEE LR ONL, FEETEPTHOHKBKOKT
O Z UL T 2@ LHAKRE L TfEibNLT W
72 (BREEA, 2007). HUERIRBEALRIEIC BV ORI
BESRITIREEICH 0, R L FRICRESRTATH
HAY U HAOHBFED—D L ENTWEH, FFLICE
B A Y 2 I AGEAERIERNFA OV TE 1990 LT
MO EINL LR Y, FES (2004) (ZE K
EHE L THRF LB R 251220 T, A5 U HR
BEENWLTHIERZR LI, ZHIED, kxS
VA ABARRIR & L ORI 2 LT O ML AT
RENBLZEDTFHENS,



JENNEAL - S ERAR - SRR © T L AT IX ORUK /N 8 — & AT B OSB3 HT 111

I FAXETEICHITDHFU

1 ETEEEICH T 5hF L0 KN

1954 SE 2 H) 6 CTHllE S 7z b e B H T et 4k
e (ARG R, 1954) O [JKHEFKEOPE] OIE
WA T LIZOWCOFEMN S /7% <, HEKHE
ROFLEBUELON T BRETH 5. HEEAMIL, 1
&, EEM, S0, BuXs AW, B, EK
o6 EINTBY, PTLELEPT LomHIRIE
FHEEN TV,

Z D%, FESNIFHEEIESR (BMOKEAREEDEE
&, 1978) |2 B\ TULEKE QMBI L O8I, &5,
LA, BT LUBEOBAEEIEE CHL &S
7oo F 7o, EHEMIARILTIKE /S Y — U ATRENTED
hF LB~ E ToLEKEEX 1 L &I, H
MZMTIHZLEIHRE E B2 &, hT LB ORI
M ZNENERT L ESNTwWb, Tz, il
12— 7 BUKDEN B BRI — & A9 1213 TR T LB D
KIFIZR D S e DLV ERRH#EINL LI IR TE T,

YET S 7-Ehm Ak (FEMOKE A EYGE R, 1993)
2BV [HF L] OFFER Figl IZRTEITTHWS
NTEY, ZOBRRILERIIMZ SN TR,

3.3 4.4 IIGHAAKE [#ES] 3 Z@EIIIGHE
A7 7K =

[ @A 2 BN K & & FKRET I BN S 3
LA ORBEREERL, BEAT U056, EE
IO AKE, mHLE, LR OFFL
B ns 2z g oM i iics ),
WD, F720%, @z 1 ~2RELT L4,
1~4¥Nca 52 L8, FHEREICBY 25ME R
A EVZ S,

[—#is, E— 7 Z&BHRERIIPRTFLEICCS S
EDL N,

[T &) 2 a Il REEMHKESLEE 2D
P, WX ORBIZIS U T, LERFHEED DL, O
T L BOTAKD B I BB ADWEED 1 AK

[RiEElX, PTLOMBTRELEL D,

Fig.l FHmA&EEICBIT 2T LIy fv
Articlesrelated to mid-summer drainage in the manual
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Effects of mid-summer drainage on irrigation water
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Fig3 xS X ofrit
Location of surveyed irrigation schemes
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Fig4 “PATFHHIUKE (A HX @ 1545H)
Water release for irrigation water use at the “A” irrigation scheme
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Averaged irrigation water at the “A” irrigation scheme

HFAETIIE OLEALLE 13 FHE TO 5T
2o THUKEDME T LCBY, ZIUIFTLIICBITS
FERTZRMLCWLERDLIENTE DL, —H, B
IREIZBWTIZRUREIR T I35 6 2 555 13 1A D
8 HIZh7zo THEL TS, JUKEEKT O/ TEIXE
KA EBEFIZ DD O TR L TH 2705, EKREDPUK
AT O BIIGE L E I AT 3 PRV, AKX D
B &Y A X B LR X OB B T AT B K
T L ORI & b THUKBIR % Fhti 9 50 —f%IZ,
FRVEIZ BT~ O MG K EAMNT 3 21, ZOllE
T A ORI DI ST B <2 M AT & )
b/NE W (RMOKER R RBHEHE RS, 1982), T
&, FIHTTRE R KED A Ny 703D B4, WeE % [k
L LIRNCHA L2012, ¥ 2 0lkEE ST
& KA ENC G 2 2 DL T d LRI
BETHIEDNLFT LN E EEERT L, A MK THERMS
T 2 EKFEOHRT LIRHIIZ B 2 BUKEALT O
DKL, KEORRENLFHEEEE LTWd, &
DT ENL, ZOMKXTIEPFT LIZEKSEME LT
BOTONRTWEEEZONDL, B, BT LEHORK
RHUK I B L BRFAETIIRELEDLS RV &
5, hT LEOHATIE 2 < Mo KIC & ) BUKE
ZHIRLTWA EEZ LMD,

BT LoEehT LB ORI & 2225 2 oW
MOTUKE & BT LE LaVEOTUKE & ik L Cakifi



114 FER LEERF el 45 2115 (2011)

Tho BT La&LAThhh o BoRUKE % IEMICHE
ETHI LI LS, S TIRHRTLAERL Wik
(355 50 (GBKSEICBIT 20T LEBEROFH)
BOKEATZ LA & k59 5 EARET %o FEBE LA
WIUKEDS Z Ofi% Tl - 2B Z0EEET S &,
Z OB AR T B HBUKRE O 6.8 Har, @7k
FETH L 147 A%, SfBECH L 97 B4 HHYS T
Bo KETH BT LADEFIBIT B AR RT3
FEHAROKEOK 72 A ST 50T, HHLOFE
Mz & 2BUKMER T &, 5Vl 2 AUSPOKE K= 1385 4E
THBEFKEOK LH], BKET2HITHYT 5,

5% 14 R DI LKA, @R AR L S 20 UKE T
L, %5 EEICHMAIICKR CE— 7 B4 T Tw
%o ORI ORUKEO—HIZH T LEOFHHEAKIZH
LNTWAE EEZ LNL, FIKREEEL FED S FKE
HIZBW TR ZOROHEZEIZEETH LA, ZIUTHIX
EROPUREDFEHRZT TREIAT T TH S, BT LOH
BOWIM % & LK HE Y ORI OIFH S UEETH 5.

b A ) EEX

B X K O C Hu XX BIH I T5 o [6] — 3 J1 5 & B §
LHMIX TH Lo i HIKEITHIE A 15,000ha, %%
7311,000haTH %o VT dh, LT RIS R K
FEABAH S, BEOREL RS T T\Wh, ik
WEKith & 572 20 W B UK X CTh 245, Liic s
J24HNY AOBERIZLY, AEEEFKETE D —5
ERRT HHEE 2> Twh, 1990 4E70 5 2005 4E F C
DT =5 & TR L 728K 4E, @R AE L eI O
Pk 85 — % Fig6 (BHIX) KON Fig.7 (CHIX) 12
N o Tl X CIEE ZE UK HIBRAYSEME S 4172 1990 47,
1994 4, 1996 4, 2001 4 % {EK4E L L7z,

WEAED HEUKE O FIEIL B # X CTlIaifa ORI
HEE 6 P2 58 WO L, CHIXTIZH
8 A BB B FAWOMIHEA L TWbH, THEhTL
DERGIAE ) BURBEOMAI AL T L EEZOND, &
DI BT 2 I8KAE Ll HAEO HEUKE O H %

1.5
mm 1 _%
X O\ Nl

T = 2
Z o5 YB7KAR
...... AR

0 +—r—rT T rrrrrrrr T

0 5 10 15 20

P AR AR R P (2 40)

Fig6 HUk/¥% —> (BH#IX)
Averaged irrigation water at the “B” irrigation scheme
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Fig7 HUk/$% —> (CHIX)
Averaged irrigation water at C irrigation scheme
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Fig8 HUk/$% —> (D #iIX)
Averaged irrigation water at the “D” irrigation scheme
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Fig9 HUk/t% —> (E#IX)
Averaged irrigation water at the “E’ irrigation scheme
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Fig10 HUK/$% —> (FHIX)
Averaged irrigation water at the “F" irrigation scheme
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Figdl HuUk/t%—> (GHIX)
Averaged irrigation water at the “G” irrigation scheme
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A Case Study Evaluating Effect of Mid-Summer Drainage on
Irrigation Water

HORIKAWA Naoki, YOSHIDA Takeo and MASUMOTO Takao

Summary

Mid-summer drainage is one of water management methods for paddy irrigation. It is widely used in Japan,
because it stabilizes rice yields. Standing water is drained from paddy fields one month after transplanting and this
situation is kept for one to several weeks. Mid-summer drainage can also save irrigation water demand. However, the
effect of mid-summer drainage on water demand is not clear. After mid-summer drainage is summarized, case study is
implemented. Seven large scale irrigation schemes are selected as target areas. Data of irrigation water is collected and
pattern of irrigation water is made. Saved water amount caused by mid-summer drainage is estimated as 5~24 times
of average daily irrigation water. This amount is equivalent to 10 % ~20 % of the effective storage of reservoirs and
seems important for water recourses planning. In water shortage year, water withdrawals of reservoir oriented irrigation
schemes are restricted to save water. While, mid-summer drainage is cancelled in irrigation schemes without reservoirs
because of avoiding water demand decrease after mid-summer drainage.

Keywords : paddy field irrigation, mid-summer drainage, diversion requirement for paddy area, reservoir, water
management
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The Actual Conditions of The Management
of Small Irrigation Ponds in Suzu City, Ishikawa Prefecture

Y OSHISAKO Hiroshi, FUKUMOTO Masato, MINETA Takuya,
MATSUMORI Kenji and SEGAWA Noriko

Summary

To clarify the current status of the management of small irrigation ponds, a survey result was analyzed and a field
study was conducted in Suzu City, Ishikawa Prefecture. The analysis showed that for the reservoirs in the city, many
of which are small, inspections, repairs and maintenance of dam bodies, flood spills, intake works and reservoirs have
been conducted (management practices contributing to the long life of facilities) as well as patrols and mowing (routine
management practices). On the other hand, it also showed that management of reservoirs and flood spills, which
contribute to the prevention of disastersin times of heavy rain, has not necessarily been paid attention to. Considering
the attitude expressed in terms of the future use of reservoirs, it was concluded that for the time being, it would be
possible to maintain the current management level. Furthermore, based on the current status of the management of
reservoirs in the city, the future direction toward more advanced and systematic facility management, which aims at
extending the life of the facilities and reducing disasters, was discussed.

Keywords : irrigation pond, maintenance, check, repair
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| Introduction

Following recent increases in energy demands from large emerging economies, it is now widely recognized that
the current global trends in energy supply and consumption are unsustainable, both economically and environmentally
(IEA, 2008). Mankind is thus facing a major challenge of developing a low-carbon, environmentally-friendly, yet
reliable and affordable, system of energy supply.

Bioenergy could contribute to this challenge because of its renewable and low-carbon nature. In particular, global
production of liquid biofuels is significantly increasing in recent years. It had tripled between 2002 and 2005, to attain
around 38 hillion L of bioethanol mainly in Brazil, USA and China, and over 3 billion L of biodiesel mostly in Europe
(OECD/IEA, 2007).

On the other hand, the world is increasingly aware of negative impacts of biofuel productions on world agriculture
and food security (FAO, 2008). This is because the world energy markets are far bigger than the food markets, and
therefore the increasing demand for energy crops (feedstock) could potentialy overwhelm the demand for food crops.
For instance, sharp increases in global food prices in 2008 were partly attributed to the increases in biofuel productions
(FAO, 2008). Besides, growing feedstock productions have provoked widespread concerns for associated land-use
changes (i.e. conversions of natural lands into farmlands), and subsequent negative impacts on land and water resources
and biodiversity (FAO, 2008). For instance, it has been criticized that biofuel productions caused, either directly or
indirectly, conversions of natural rainforests into energy crop plantationsin some tropical countries.

The above backgrounds would give rationale for investigating into the possibilities of producing domestic biofuels
in Japan for three reasons. First, farmland resources in rural Japan are now underutilized: around 0.38 million ha of
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farmlands (or about 10% of the total) remained fallow or abandoned (Census of Agriculture and Forestry 2005 (MAFF,
2010)). Such farmlands could be employed for energy crop cultivation without changing current food production
potential. In addition, most of agricultural and forestry residues remains underutilized at present. Therefore, biofuels
could be produced at a large scale in Japan without causing much land-use change. Second, Japan depends heavily
on imported fossil resources to drive its economy, and hence struggles to increase the energy self-sufficiency. Japan's
energy mix in 2003 was 50% of oil, 20% of coal, 14% of natural gas and 9% of nuclear energy (METI, 2006), and
virtually al of the raw materials were imported from abroad. The Japanese government therefore envisages increasing
its energy self-sufficiency by promoting renewable energies which could be supplied domestically. Third, under the
Kyoto Protocol of the United Nations Framework Convention on Climate Change (UNFCCC), Japan is obliged to cut
greenhouse gas emission by 6% compared to the 1990 level. Although every sector in Japan is now struggling to reduce
its part of emissions, additional countermeasures are awaited in order to meet the goal of the Kyoto Protocol.

As one of the possible solutions to meet these challenges, biofuel production has been paid increasing attentions
in recent years. Accordingly, in February 2007, the Japanese Government established a plan to expand domestic biofuel
production, with a goal of replacing 10% of Japan's gasoline consumption (roughly equivaent to 6 million kL/year of
bioethanol) by 2030, by employing domestic energy crops as well as agricultural and forestry residues (MAFF, 2007).

In order to formulate detailed plans to achieve such a goal, quantitative analyses and discussions based on actual
circumstances surrounding Japanese agriculture are essential. However, whereas a number of studies have evaluated
energy balances and costs of biofuels in USA and Europe (e.g. Hill et al., 2006; Hammerschlag, 2006; Shapouri et al.,
2002; Pimentel and Patzek, 2005; ETSU, 1996), such studies are still few in Japan. For instance, Saga et al. (2008;
2010) demonstrated that a positive energy balance could be achieved in bioethanol and electricity productions from
rice straw. Yanagida et al. (2010) conducted detailed cost analyses on bioethanol using rice straw, and found the costs
depended on various process efficiencies. Although their studies provided useful information, the analyses were limited
to bioethanol from rice straw. By contrast, Ueda (2006; 2008) conducted life cycle assessment (LCA) on energy balance
and greenhouse gas emission, as well as cost analysis, on several potential energy crops and rice straw produced in
Japan, but his arguments were sometimes based on rather ideal assumptions on crop yields as well as the conversion
efficiency of ligno-cellulosic bioethanol.

The present study therefore aims at investigating the feasibilities and potentials of producing biofuels from several
sorts of agricultural biomass in Japan by following the approach of Ueda (2008), but employing more redlistic statistics
and data as far as possible. Following Ueda (2008), analyses are focused on energy balance, greenhouse gas emission
and production cost. These factors are selected because any biofuel production should at least produce positive energy
and reduce some greenhouse gas. otherwise it may end up in wasting, rather than saving, fossil fuels, and degrading
the environment. Moreover, economic viability also matters for actually disseminating biofuels, although simple
cost analyses may often ignore such externalities as enhancement of rural employment and conservation of farmland
resources, which are important issues in Japan. It should be noted that, although the author tries his best to collect
realistic, actually demonstrated data as far as possible, some calculations still have to be done on various assumptions,
as commercial-scale biofuel productions are yet to be materialized in Japan so far.

Il Life cycle assessment (LCA)

1 Methodology

a Scope of study

Fig.1 shows feedstock for biofuel production, which comprises several energy crops and rice straw, with associated
conversion technologies and bioenergies, which are examined in this study. (Sorghum and rice straw are classified
here as ligno-cellulosic biomass.) All the crops in Fig.1, including ones for tropical, temperate and cold climates, are
currently cultivated somewhere in Japan for food or animal feed, thanks to an extensive geographical range of the
Japanese archipelago. It is assumed that all the energy crops are cultivated on dedicated farmlands (mainly fallow
lands), whilerice straw is collected at ordinary paddy fields which regularly produce rice for food.
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Fig.1 Feedstock, conversion technologies and bioenergy examined in this study

b Functional units

The functional unit of the LCA is “1 GJ of bioenergy produced”. However, within the crop production inventory
(mentioned below), the functional unitisset as “crop production on 1 haof farmland”.

¢ System boundary and allocation

The system boundary of the LCA is cultivation of energy crops; their transportation from farms to conversion
facilities; conversion from crops to biofuels; and transportation of biofuels to fuel-supply stations. Exceptionally, a
boundary of the “rice straw” inventory only includes collection of straw on farms, its transportation, and application of
chemical fertilizer that compensates the nutrient removed with the straw (Ohta, 2007; Ueda et al., 2007), but excludes
cultivation of rice itself. (It should be noted, however, preparation of rice straw in this way may later be referred to as
“cultivation” alongside the other crops to simplify the terms.) Such an approach to system boundary is similar to a
previous study on corn stover ethanol (Sheehan et al., 2004).

Within these boundaries, two life cycle inventories (LCI) are created and interconnected: i.e. “crop production”
and “energy conversion” LCIs, both of which also include relevant transportation phases (Fig.2). Production of
bioenergy could simultaneously produce various byproducts, such as process residues and wastewater. In this study,
however, energy consumption or greenhouse gas emission is not allocated to these byproducts, because the demands for
them have not been well established in Japan so far.

d Data collection

Ueda (2008) earlier compiled the above-mentioned two LCIs, which is basically followed in this study.
Nevertheless, this study updates the information on the following points:

1. The yields of energy crops are drawn from the statistical database of the Ministry of Agriculture, Forestry
and Fisheries of Japan, instead of those of experimental stations. This would make the analytical results more
representative of ordinary farmlands across Japan.

2. Some data on inputs for crop cultivation are updated after Shimizu et al. (2009).



134 FERS LEERF e e 45 2117 (2011)

: - Greenhouse gas emission : : - Greenhouse gas emission :
L - Fossil fuel consumption | L - Fossil fuel consumption |
Environmental impact A Environmental impact A
assessment ! assessment !
Crop production inventory (per ha) Energy conversion inventory (per GJ of bioenergy)
| . | |
i Cultivation - Transport ! >i Conversion - Transport ! - Biofuels
R ! Lol llm__ B (biodiesel,
A ethanaol,
Resources Products Resources Products | cihanol)
o - Energy crops . - Byproducts
"1 (main produce) 4
- Seed, chemical fertilizer & - Rice straw
Agrochemicals Avoided products
- Fuels for farm machinery and - Microbes & |r Tttt TTTTTTTTTT K
transport/processing of chemicals | - Gasoline, diesel fuel |
produce - Fuels for conversion T | - Natural gas, electricity (when |
- Manufacture of machinery & transport : residue or lignin substitutes :
and infrastructure - Manufacture of I energy for conversion) I
facility be———————— - :

Fig.2 Outline of thelife cycle inventory

3. Some data regarding ethanol production from rice straw are updated after JARUS (2010).

4. Assumptions for the two scenarios (explained in Section I1-1-e below) were simplified.

Outlines of the LCls and LCI analyses for this study, including the above points, are described below. For further
details, Ueda (2008) should be consulted.

(1) Data on crop production

Data on yields of energy crops are collected from the statistical database of the Ministry of Agriculture, Forestry
and Fisheries of Japan (MAFF, 2010). The analyses are therefore confined to the crops for which such data are provided
(Table 1). Table 1 shows the average yields of al regions where the relevant crops are cultivated, and of the last 5
years in which statistics are available. The yield of rice straw is assumed to be 80% of the amount produced at ordinary
paddy fields (Table 1), as 80% of them is not positively utilized at present (MAFF, 2005).

Data on fuel inputs for crop cultivation are mainly drawn from Shimizu et al. (2009). Data on chemical fertilizer
inputs are collected from reports of experimental stations across Japan, as the LCA needs quantitative data based on the
ingredients (e.g. nitrogen and phosphorous). Those stations usually follow standard amounts of fertilizer inputs when
they test their varieties. Data on other inputs for crop cultivation (e.g. seeds and agrochemicals) and crop processing
were supplemented by NIAES (2003) and other sources.

Asfor the manufacture and maintenance of agricultural machinery, irrigation facilities and agricultural buildings, it
is assumed that these operations consume a sum of 1538 MJ of primary energy per 1 haof farmland per year (Hill et al.,
2006) for each crop. Thisis arather simplified assumption neglecting complex nature of Japanese agricultural systems.
(For instance, it is not simple to allocate energy consumption for building and maintaining irrigation canals, which may
be used for both food and biofuel productions.) However, as energy crop production has not been widespread in Japan,
detailed analyses on thisissue will be left to future studies.

Regarding greenhouse gas emission from farmland soils, it is assumed that nitrous oxide (N,O) gas is emitted at
0.029g (from upland field) or 0.024kg (from paddy field), when 1 kg-N of nitrogen fertilizer is applied onto the farm
(MOE, 2003). In addition, 32 kg/ha of methane gas is thought to be emitted in paddy fields (MOE, 2003; IPCC, 1996),
which applies to a case of rice production only.
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Tablel Main dataon crop production and energy conversion efficiency
-g % g @ > o § g E
Unit 5 & & % 3 o 5 i

g3 3 s & B g ¢
Biofuels® BDF ET (sugar) ET (starch) cel :Eu-:—o(slll g)nlo ;vlT
Products (Outputs) and efficiencies
Crop yield® t/ha 2.1 61.7 63.6 5.2 31 444 247 15.3 4.2
Oil/sugar/starch content % 45.8 15.0 17.7 73.8 76.2 225 29.1 - -
Biofuel yield® % 90.0 79.9 79.9 81.0 81.0 86.1 86.1 - -
ig’::;ﬁﬂ“d production per Lt | 472 | 780 92 | 430 44 139 180 (;g:) (igg)
g‘:nfaﬁ'doj uel productionper |\ o | 098 | 478 582 | 225 136 619 446 (gég (g:gé)
Resources (Inputs)
Ammonium nitrate (as N) kg/ha 100 162 116 120 150 120 36 320 21
Phosphate (as P,Os) kg/ha | 160 120 248 90 920 200 48 200 12
Potassium (as K,0) kg/ha | 100 150 140 131 150 150 72 320 87
Magnesium kg/ha - - 50 - - 35 - - -
Lime kg/ha - - - - - - - 1000 -
Silica kg/ha - - - - - - - - 267
Agrochemicals kg/ha 1 58 16 22 15 7 2 - -
Seed kg/ha 6 - 1 35 100 - - 20 -
Gasoline (for cultivation) MJ/ha - - 45 840 62 - 333 2135 -
Diesel (for cultivation) MJha | 4259 | 16376 9577 1368 3469 7166 3961 7839 1203
5:;0:13 )city (for cultivation & KWhiha B B _ 17 279 B B 9 B
Diesel (for drying) MJha | 2422 - - 5956 7088 - - - -

Notes:

*BDF: biodiesel fuel, ET: bioethanol, MT: biomethanol.

® Air-dry weight for oil and cereal crops; oven-dry weight for sorghum and rice straw; wet weight for other crops.

°Ratio to the theoretical yield: i.e. from 100g of oil to c.a. 100g of biodiesel; from 100g of glucose to 51.14g of bioethanol.

d Calculated on the basis of biomass weights stated in Note (b). As for ligno-cellulosic biomass, figures in the upper row indicate

theyields of bioethanol, while those in the lower row (in parentheses) those of biomethanol.
Main data sour ces (for more details, see text and Ueda (2008)):

— Crop yield: MAFF (2010): [Energy crops] national average of the last 5 years; [Rice straw] 80% of the amount generated at

ordinary paddy fields.

— Biofuel yield & Gross biofuel productions: [Biodiesel] JE (2002); [Bioethanol from sugar crops and potatos] Daisho et al.
(2004); [Bioethanol from cereal crops] NFACA (2006); [Ligno-cellulosic bioethanol] JARUS (2010); [Biomethanol] NEDO (2001).
— Oil/sugar/starch content & Fertilizer inputs: [Rapeseed] Aomori Pref. (2001) and Okuyama et al. (1994); [Sugarcane] Ujihara
et a. (2002); [Sugar beet] Kawakatsu et al. (1991); [Rice] Uehara et al. (2003) and MEXT (2005); [Barley] Shikoku region naked
barley research group (2003) and MEXT (2005); [Potato] Asama et al. (1982); [Sweet potato] Kumagai et a. (2002); [Sorghum)]

Nakagawa et a. (1995); [Rice straw] Ohta (2007).

— Other inputs: Shimizu et al. (2009); NIAES (2003); TSK (2005); MAFF (1965-72).
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(2) Data on energy conversion and transportation

Data on energy conversion of biomass (Tables 1 and 2) are obtained from publications in Japan and the United
States (Daisho et al., 2004; Hill et a., 2006; J E, 2002; NEDO, 2001; 2006; NFACA, 2006; JARUS, 2010).

Among the collected data, those of conversion efficiencies for ligno-cellulosic bioethanol remain most
controversial as the technology has not been fully mature yet. This study follows recent data from a pilot experiment
in Japan (JARUS, 2010). Their experiment was conducted at a scale of 300L/year, using rice straw as raw material
and hydrothermal-enzymatic processes for hydrolysis. They consequently achieved a conversion efficiency of
145(L-ethanol/odt (oven dry ton)-feed) on average, which is adopted for the current analysis. The conversion efficiency
for sorghum is assumed to be the same as this data.

Fossil energy requirement for energy conversion processes has also caused much controversy. This study adopts
an average energy requirement (referred to as ER,,= 625 MJGJ-ethanol) (Table 2) after Hammerschlag (2006),
who reviewed six representative studies on corn bioethanol in the United States. Bioethanol conversion from other
starch crops is thought to consume the same amount of energy as ER.,,. As bioethanol conversion from sugar crops
does not require the starch hydrolysis process (Fig.1), energy required for that process (25% of the total) is subtracted
from ER,,,, (Table 2). As for ligno-cellulosic bioethanol, energy for producing chemicals for lignin pretreatment and
hydrolysis (NEDO, 2006) is added to ER,,, (Table 2). It should be noted, however, the total energy requirement for
producing ligno-cellulosic bioethanol still remains uncertain, as it depends on the hydrolysis process applied, the
conversion efficiency and the scale of production.

Manufacture and maintenance of a conversion facility is thought to consume atotal of 2 MJ of primary energy per
1 GJ of biofuel produced (Hill et al., 2006). Although this is a rather simplified assumption, detailed analyses on this
point may well be left until commercial-scale conversion plants are actually built in Japan.

Regarding transportation, the author assumes that agricultural produce is transported from farms to conversion
plants on a43-km trip (TSK, 2005), while biofuels from plants to fuel-supply stations on a 209-km trip (CNRE, 2006).

e Scenarios

This study compares two kinds of scenarios, namely “Scenario 1 (fossil-fuel based systems)” and “Scenario 2
(bioenergy based systems)” (Table 2), which are explained below. Both scenarios commonly assume that fossil fuels
provide necessary fuel energy in crop production/processing and transport phases.

(1) Scenario 1 (fossil-fuel based systems)

Scenario 1 simply assumes to depend on fossil fuels alone (natural gas and grid electricity) to drive energy
conversion processes (Table 2), including wastewater treatment processes. There would be no recycling of wastewater
or residues to farmlands.

(2) Scenario 2 (bioenergy based systems)

Scenario 2 sets a primary objective on saving fossil energy inputs. It therefore assumes to employ crop residues,
lignin, or biomass co-generation (explained below) to replace fossil fuels as far as possible. In addition, in bioethanol
production, wastewater from fermentation process is directly applied to farmlands, thereby halving nitrogen and
potassium fertilizer inputs, and cutting energy input for drying/treating the wastewater. Details of the assumptions are
discussed below.

Firstly, we discuss a possibility of using crop residues for providing energy for conversion. To begin with, using
harvest residues (such as leaves and stalks) for this purpose would face a potential problem of depleting soil nutrition
provided by them. Under the assumed crop yields, generated amounts of harvest residues from each crop are actually
smaller than the required amounts that should be left on fields for controlling erosion and soil nutrition, which is
assumed to be 4.91 (odt (oven dry ton)/ha) after Sheehan et al. (2004). Besides, collecting and transporting harvest
residues to a conversion facility would entail additional costs. Therefore, this study does not consider the use of harvest
residues for providing heat for conversion.

On the other hand, process residues, such as rice/barley husks, bagasse (solid residue of sugarcane), lignin, and
other fibrous matters contained in the produce, would be easier to recover and use. In fact, bagasse and lignin are
widely utilized for providing energy at bioethanol plants in Brazil as well as sugar refineries and paper mills across
the world. By contrast, residues from sugar beet, potato and sweet potato are so moist and degradable that they are not
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Table2 Outline of the scenariosin LCA
2 g Ele 3|c 3
% 8§ =S| g8 & § B|2 |2 %
| & &S|z § & ® |5 8|F 8
|3 a3 =18 2|3 =

Biofuels® BDF | ET (sugar) ET (starch) EdTl Sl'g;g MT

Scenario 1 (fossil-fuel based systems)

Crop production
Chemical fertilizer® ST | ST ST | ST ST ST ST | ST ST | ST ST
Wastewater application to farm - No No No No No No No No - -

Energy sources for hydrolysis, fermentation, distillation & wastewater treatment
Fossil fuels O O O O O O O O O O O
Available energy from residues
(MIGHug) a9y o] 0o o o 0o o0 o0 0o o0 0o o0

Energy consumptionsin conversion processes (MJGJ-fuel)

Total 245 | 469 469 | 625 625 625 625 | 684 684 | 421 421
Hydrolysis - 0 0 156 156 156 156 | 156 156 - -
Fermentation & distillation - 262 262 | 262 262 262 262 | 262 262 - -
Wastewater treatment - 207 207 | 207 207 207 207 | 207 207 - -
Wastewater transport to farms - 0 0 0 0 0 0 0 0 - -
Chemicals for pretreatment - - - - - - - 59 59 - -

Scenario 2 (bioener gy based systems)

Crop production
Chemical fertilizer® ST R R R R R R R R ST ST
Wastewater application to farm - Yes Yes | Yes Yes Yes Yes | Yes Yes - -

Energy sources for hydrolysis, fermentation & distillation
Fossil fuels O O O O O
Process residue (Lignin) O O
Process residue (Others) O O O O
Biomass co-generation O O
Available energy from residues or
biomass co-ge?e/ration (MIGHuel) 270 | 667 0 196 263 0 0 552 960 | 421 421

Energy consumptions in conversion processes (MJGJ-fuel)

Total 245 | 360 360 | 516 516 516 516 | 575 575 | 421 421
Hydrolysis - 0 0 156 156 156 156 | 156 156 - -
Fermentation & distillation - 262 262 | 262 262 262 262 | 262 262 - -
Wastewater treatment - 0 0 0 0 0 0 0 0 - -
Wastewater transport to farms - 98 98 98 98 98 98 98 98 - -
Chemicals for pretreatment - - - - - - - 59 59 - -

Notes:

*BDF: biodiesel fuel, ET: bioethanol, MT: biomethanol.

P ST (standard amount): the amount stated in Table 1. R (reduced amount): 50% of standard amount for nitrogen and potassium
fertilizers, and 100% for other fertilizers.

Main data sour ces (for more details, see text and Ueda (2008)):

— Energy consumptions in conversion processes: [Biodiesel] Hill et a. (2006); [Sugar/starch bioethanol] Hammerschkag (2006);
[Ligno-cellulosic bioethanol] NEDO (2006); [Biomethanol] NEDO (2001).
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suitable for energy recovery by combustion, and therefore excluded from further analyses.(Nevertheless, energy could
still be recovered from those residues using methane fermentation. Analyses on such possibilities are left to future
studies.) Table 2 (Scenario 2) shows the available amounts of the other process residues, which would be generated
aongside the production of 1 GJ of biofuels. Rapeseed, sugarcane, and sorghum and rice straw (for bioethanol) have
enough residues to meet direct energy demands of conversion processes (i.e. hydrolysis, fermentation and distillation)
(Table 2). Accordingly, the heat and electricity provided by them are thought to replace the relevant fossil-fuel inputs.
Thereafter, there would still remain excess amounts of bagasse and lignin (Table 2), which could be utilized for co-
generating additional electricity. However, this study does not consider such a possibility to simplify the arguments
as far as possible. (Earlier analyses (Ueda, 2008) indicated that electricity generated in this way would be relatively
small compared to biofuel productions— around 62 to 126 MJGJ-biofuel for sugarcane, for example. Hence the current
simplified approach would not affect the results significantly.) Meanwhile, energy derived from the residues of cered
crops falls short of the demands (Table 2). Hence fossil fuel is thought to fill the gap.

As for biomethanoal, its production generates no energy-bearing residues at all (but ashes only). Hence “biomass
co-generation” is assumed to provide the required energy. Biomass co-generation in this context means that a part
of biomass (i.e. sorghum or rice straw) is set aside and supplied instead to a gasification and co-generation process,
where biomass is converted to fuel gas that in turn is burned in a gas turbine to generate both heat and electricity, at
efficiencies of 70% and 30% , respectively.

Secondly, the author assumes that liquid wastewater from fermentation process in bioethanol production is directly
applied to farmlands. This would save the energy for treating or drying the wastewater (33% of the total energy
requirement for conversion (Wang, 1999)), but consume additional energy for transporting wastewater to farmlands
(Table 2). The author further assumes that the nutrients contained in wastewater would save inputs of nitrogen and
potassium fertilizers by 50% after Furue and Nagata (1994).

Although some previous studies on corn bioethanol have claimed the efficacy of co-producing DDGS (distillers
dark grain with solubles) for animal feed by drying up liquid wastewater (e.g. Malca and Freire, 2006; Hill et al., 2006),
this study rather emphasizes the importance of saving fossil energy input by omitting the DDGS production process.
This is because the demands for DDGS are uncertain in Japan at present, and sustainability of energy crop production
might be enhanced through applying nutrients in wastewater to farmlands, just as practiced widely in sugarcane fields
in Brazil (Pessoa-Jr et ., 2005).

f Methods for life cycle inventory analysis

Life cycleinventory analysisis conducted using the LCA software SimaPro 6 (PRé Consultants, the Netherlands).
Collected data described above are input and the following parameters calculated with the incorporated programs
shown in square brackets (Frischknecht et al., 2004):

— Fossil fuel consumption [Cumulative Energy Demand]

— Emission of greenhouse gas [IPCC 2001 GWP 20aVV1.01]

Using the above results, the author further calculates several indicators as described later.

In this way, the data collected by the author are supplemented by the databases incorporated in SimaPro 6, namely
ecoinvent 1.01 and Buwal 250, which enable the inclusion of materials, energy and emissions associated with the
manufacture and transport of various inputs (resources) in the LCI analysis. Although the information in these databases
had been accumulated mostly in West Europe, it could be assumed that the manufacturing processes for common
industrial products like agrochemicals and fertilizers would be quite similar between West Europe and Japan.

2 Results
a Fossil fuel consumption
Fossil fuel consumptions in producing 1 GJ of biofuels are shown in Figs.3 (Scenario 1) and 4 (Scenario 2). In
these figures, energy consumptions exceeding 1000 MJ (=1 GJ) imply negative energy production: fossil energy input
islarger than the bioenergy produced.
(1) Energy consumption for crop production
For the most crops examined, the indirect energy consumptions for crop cultivation (i.e. energy required to
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Fig.3 Fossil fuel consumption in producing 1 GJ of biofuel (Scenario 1)
Note: BDF: biodiesel fuel, ET: bioethanol, MT: biomethanol.
Fossil energy input below 1000 MJ indicates positive bioenergy production.
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Fig.4 Fossil fuel consumption in producing 1 GJ of biofuel (Scenario 2)

produce fertilizers, agrochemicals, seeds and fixed assets) are much larger than the direct ones (i.e. fuel consumptions
for driving agricultural machinery and transporting/processing the harvests) in both scenarios. Therefore, if energy
consumption for crop cultivation is to be reduced, cutting fertilizer and agrochemical inputs should first be attempted.

When comparing each crop, an important factor to affect the energy requirement is the crop yield. Thisis because
alower yield implies that a larger area of farmland should be cultivated in preparing feedstock for producing 1 GJ of
biofuels. Hence potato and sweet potato show relatively lower energy consumptions, which are largely attributed to
their higher yields (as well as the lower fertilizer inputs per ha) (Table 1). Similarly, alarge difference between rice and
barley could be explained by their difference in yields.

When comparing Scenarios 1 and 2 on bioethanol, Scenario 2 shows lower indirect energy consumptions, as it
assumes to cut nitrogen and potassium fertilizers by half (Table 2). For biomethanol, by contrast, Scenario 2 shows
larger energy requirements than Scenario 1, as additional amount of feedstock should be input into the conversion
process to provide heat (“biomass co-generation”) under Scenario 2.
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(2) Energy consumption for converting biomass to bioenergy

When comparing energy consumptions for converting feedstock to biofuel in Scenario 1 (Fig.3), biodiesel is
distinctive in its smaller energy consumption even though the conversion processes are assumed to be driven solely by
fossil fuels. For the other biofuels, the energy for conversion occupies asignificant share in total energy requirement.

In Scenario 2 (Fig.4), fossil energy consumptions are reduced compared to Scenario 1 owing to the following
reasons. First, process residues substitute a part or al of the direct fossil-fuel inputs for conversion, except for sugar
beet and potatoes. Second, for bioethanol, energy consumptions for drying/treating fermentation wastewater are saved
through direct application of wastewater to farmlands. Thus, large differences in energy consumptions between the two
scenarios would demonstrate the efficacy of strategies of Scenario 2 in saving fossil fuelsin conversion processes.

b Net energy balance

Fig.5 shows the net energy balance (NEB) of bioenergy production, which is defined as:
NEB = GP/FC (1)

where: GP is gross production of bioenergy (GJ), and FC is fossil fuel consumption (both direct and indirect) in
producing GP (GJ).

In Scenario 1, NEBs for rice, barley, sorghum and rice straw (bioethanol) stay below 1.0, indicating negative
energy productions. Energy consumptions for these crops are characterized by large energy requirements for crop
cultivation (Fig.3). Thus, for cereal crops, improving the crop yields without significantly increasing fertilizers etc.
would be necessary for improving the NEBs. As for ligno-cellulosic bioethanol, improving the conversion efficiency
is aso indispensable, as it should save feedstock inputs for conversion. Meanwhile, NEBs for the other crops are in a
moderate range between 1.0 and 1.6.

In Scenario 2, NEBs are generally improved relative to Scenario 1 (Fig.5), and all the crops show NEBs above
1.0. In particular, the effects of replacing fossil fuels by process residues should be significant, as NEBs improve
significantly for rapeseed, sugarcane and ligno-cellulosic biomass, where the entire fossil-fuel inputs for conversion
are replaced by process residues. Nevertheless, wastewater application assumed in Scenario 2 contributes to small
improvementsin NEBs for the other crops as well.

Comparing the result of this study with recent LCA studies, NEBs of corn bioethanol in USA were reported
roughly between 1.2 and 1.6 (Hammerschlag, 2006; Hill et al., 2006), which are larger than those of cereal-crop
bioethanol in Scenario 1 (0.8 to 1.0), but comparable with those in Scenario 2 (1.3 to 1.7). NEBs of sugarcane

M Scenario 1l

Scenario 2

Netenergybalance

2 I

0 1 1 1 xl 1 1 1I xl 1 1

Rapeseed-BDF
Sugarcane-ET
Sugar beet-ET

Rice-ET
Barley-ET
Potato-ET

Sweet potato-ET
Sorghum-ET

Rice straw-ET
Sorghum-MT

Rice straw-MT

Fig.5 Net energy balance of biofuel production
Note: Net energy balance above one indicates positive bioenergy production.
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bioethanol in Brazil were reported as 8.3 on average (IEA, 2004), which are far larger than the results of this study (1.3
to 3.0). The main reason for discrepancies in these crops would be the differences in crop yields as well as the scale of
production. NEBs of ligno-cellulosic bioethanol were reported to be 4.4 to 6.6 (Hammerschlag, 2006), which are larger
than those of either scenarios of this study. This would mainly be attributed to the differences in assumed conversion
efficiencies.

¢ Land use efficiency

Fig.6 shows the land use efficiency (LUE), which is the net energy production per unit area of farmland, and
defined as:

GP-FC
- = 2
LUE - @

where: Aisan area of farmland (ha) required to produce GP.

This indicator roughly corresponds to the crop yields. For instance, higher-yield crops like sugarcane, sugar best,
potato, sweet potato (bioethanol) and sorghum (biomethanol) show higher LUES. On the other hand, LUES of rice straw
stay low in both scenarios, because only straw is used for generating biofuels. This implies that the feedstock must be
collected from larger areasif a conversion facility is solely fed with rice straw.

d Greenhouse gas (GHG) emissions

Greenhouse gas (GHG) emissions associated with biofuel production are shown in Figs.7 (Scenario 1) and 8
(Scenario 2). Here the direct emissions in crop cultivation include N,O and CH, emissions from farmland soils, in
addition to the factors discussed earlier in Section I1-2-a-(1). GHG emissions in burning biofuels (and process residues)
are assumed to be zero according to their carbon-neutral nature. Accordingly, consuming 1 GJ of biodiesel is thought to
displace emissions from consuming 1 GJ of diesdl fuel (termed “avoided emission” in Figs.7 and 8). Likewise, both
bioethanol and biomethanol would displace emissions from energy-equivalent gasoline.

Unlike energy consumptions, direct GHG emissions in crop cultivation have significant impacts for some crops,
due in part to N,O and CH, emissions from farmlands (Figs.7 and 8). Accordingly, for bioethanol, halving of nitrogen
fertilizers through wastewater recycling in Scenario 2 has effects of reducing both direct emissions (N,O from soils)
and indirect ones (emissions in producing the fertilizers). Moreover, GHG emissions in the conversion processes are
reduced in Scenario 2 thanks to the similar reasons as discussed in Section |1-2-a-(2).

In order for biofuel productions to be meaningful in terms of GHG reduction, emissions throughout producing
biofuels must be smaller than the displaced (avoided) emissions from fossil-fuel production and use. Hence Fig.9 shows
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Fig.6 Land useefficiency of biofuel production (Net energy output per 1 ha of farmland)
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Fig.8 Greenhouse gas emissionsin producing 1GJ of biofuels (Scenario 2)

GHG emissions of biofuelsrelative to those of fossil fuels, which is defined as:

GGE
R= AGG x 100 ©)

where: R is the relative GHG emission (% ), GGE is the emission in producing 1 GJ of bioenergy (kg-CO.-eq.), and
AGG is the emission in producing and burning 1 GJ of diesel fuel or gasoline (kg-CO,-eq.) (i.e. avoided emission by
using 1 GJ of bioenergy).

In general, Scenario 2 shows smaller emissions compared to Scenario 1 (Fig.9). Nevertheless, emissions of
rice, barley and sorghum (bioethanol) still exceed 100 % relative to fossil fuels. Therefore, some improvements (e.g.
increasing crop yields) should be attempted before those kinds of biofuels become viable in terms of GHG reduction.
On the other hand, sugarcane, sugar beet, potato, sweet potato, rice straw (bioethanol), as well as sorghum and rice
straw (biomethanol), show significant reductions in GHG emission in Scenario 2. Hence those crops should be
recommended from the viewpoint of GHG reduction.
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Fig.9 Greenhouse gas emissions of biofuels relative to fossil fuels
Note: Relative GHG emission below 100% indicates positive GHG reduction.

Il Cost analysis

1 Methodology

a Crop production costs

Data on crop production costs (Table 3) are mostly collected from statistical databases of the Ministry of
Agriculture, Forestry and Fisheries (MAFF) of Japan (MAFF, 2010). The cost includes those for variable inputs (seeds,
fertilizer, chemicals, fossil fuels etc.), fixed capital (agricultural machinery, farm building, irrigation facilities etc.), as
well as labor, interests and rents. Data on rapeseed were obtained from other local sources, as the MAFF did not offer
them. It should be noted that the above data refer to the costs (mostly in 2005) for producing food or fodder crops, and
therefore do not directly indicate the costs for energy crops. Nevertheless, analyses based on these data should provide
areference for future discussions on cost reduction in cultivating energy crops.

Data on costs for supplying rice straw are drawn from JARUS (2010). The figure is the average of three pilot
studies in Japan, and includes costs for straw collection in fields, transportation and storage. Although the original data

did not include fixed costs, the author estimated and added them referring to data of fodder crop production (MAFF,
2010).

b Energy conversion costs

Cost data for conversion processes were obtained from the following sources. CNRE (2005) for biodiesel (at an
annual production of 550kL/y); NFACA (2006) for bioethanol from starch crops (35,700kL/y); and Kobayashi et al.
(2005) for biomethanol (37,900kL/y). For biodiesel, the author employed a cost at relatively small-scale production,
because such a scale had been predominant for biodiesel in Japan. Conversion costs of bioethanol from sugar crops
were assumed to be 71% of that from starch crops, according to a hearing from experts at National Food Research
Institute in Tsukuba, Japan. Conversion costs of ligno-cellulosic bioethanol are not included in Table 3, because current
technologies are too primitive to obtain any plausible point estimate. The author omits costs for transporting biofuels to
supply stations, profit margin of biofuel producers, aswell as possible taxes imposed on biofuels.

2 Results
Total costs of biofuel production are estimated at 633Yen/L-DE (Diesel Equivalent) for biodiesel and 223 to 773
Yen/L-GE (Gasoline Equivalent) for bioethanol, and 136 to 263 Yen/L-GE for biomethanol (Table 3). These figures are
dominated by crop production costs, and are significantly higher than current fossil fuel prices in Japan. Nevertheless,
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the costs are relatively smaller for potato, sugar beet (bioethanol), as well as sorghum and rice straw (biomethanol). In
any crops, however, significant efforts are required in cost reduction, before biofuels become competitive with fossil

fuels.
For ligno-cellulosic bioethanol, a simple sensitivity analysis is provided in Fig.10: given the assumed feedstock

production costs, the effect of varying conversion costs is depicted against the total cost. It isimplied that bioethanol
from rice straw may become competitive with gasoline (tax included), provided that the conversion cost is reduced
roughly in the same range as that for sugar/starch bioethanol.

Table3 Estimated costs of biofuel production in Japan

o
2 B
% § _g @ > S o] = E g E
. 3] = o Q = 17} £ 1%
Unit ® 8 7 o] o <) b <)
g =) = @ e 8 3 S 3 8
| 3 & = 4 4
; a ET (ligno-
Biofuels BDF | ET (sugar) ET (starch) cellulosic) MT
Costs per kg of produce®
Crop production cost Yen/kg | 235 28 15 210 199 16 50 37 9 37 9

Costs per liter (fossil-fuel equivalent) of biofuel ©
Yen/L | 547 | 526 243 | 719 661 169 406 | 377 91 176 49

Crop production cost

Energy conversion cost Yen/L 87 38 38 54 54 54 54 - - 87 87

Total cost Yen/L 633 | 564 281 | 773 715 223 460 - - 263 136

Total cost $/Le 745 | 664 331 | 909 842 262 541 - - 310 160

Ratio to fossil fuel price®

(taxes on fossil fuels excluded) 1063 | 949 473 | 1299 1202 374 7.73 - - 443 229

(taxes on fossil fuels included) 573 | 430 214 | 588 544 170 350 - - 200 104
Notes:

*BDF: biodiesel fuel, ET: bioethanol, M T: biomethanal.
®Original data were shown in costs per ha of farmland (excluding rice straw). They are converted to the costs per kg of produce

using the crop yieldsin Table 1.
°Costs per diesel-equivalent liter for biodiesel; and costs per gasoline-equivalent liter for bioethanol and biomethanol.

Exchange rate: 85 yen/$.
°Ratio to diesel fuel for biodiesel; ratio to gasoline for bioethanol and biomethanol. Fossil fuel prices are the national averages
between Sep. 2009 and Aug. 2010 (OIC, 2010): [Diesel fuel] 59.6 (tax excluded) or 110.6 Yen/L (tax included); [Gasoline] 59.5 (tax
excluded) or 131.4 Yen/L (tax included).

Main data sour ces (for more details, see text and Ueda (2008)):
— Crop production cost: [Rapeseed] Yokohama Town Council (2001); [The other energy crops] MAFF (2010); [Rice straw]

JARUS (2010).
— Energy conversion cost: [Biodiesel] CNRE (2005); [Sugar/starch bioethanol] NFACA (2006); [Biomethanol] Kobayashi et al.

(2005).



D A 4 R R 75 AR O FE 145

600
- -
- -
g 500 e h
@ -
£ --
g 400 = e Rice straw
1)
% 300 = = Sorghum
> //
s 200
o
s —
5 100
[
0
0 50 100 150 200

Energy conversion cost (Yen/L-gasoline-eq.)

Fig.10 Relationship between the energy conversion cost and the total cost for ligno-cellulosic bioethanol
Note: Feedstock production costs are drawn from Table 3.

IV Biofuel production potentials across Japan

1 Scenarios

Among bhiofuel conversion processes analyzed, biodiesel suffers lower land use efficiency compared to some of
bioethanol and biomethanol (Fig.6). This would discourage their large-scale applications using dedicated crop (i.e.
rapeseed) in Japan, where land resources are rather scarce. (Alternatively, however, small-scale biodiesel productions
from waste cook oil as amain feedstock are becoming increasingly popular across Japan.)

Next, comparing bioethanol and biomethanol, biomethanol shows some advantages in terms of net energy
balance, land use efficiency and production costs (Figs.5 and 6; Table 3). However, as the Japanese government is
currently focusing on bioethanol for supplementing gasoline, it would be rather difficult to establish fuel distribution
infrastructure for biomethanol in addition to that for bioethanol. Besides, biomethanol is currently not favored as a
gasoline aternative because of the lower energy content and possible toxicity (IEA, 2004). (Alternatively, however,
biomethanol may find other demands like fuel cells and additives for biodiesel production in the near future.)

Thus, the following discussion focuses on a strategy for replacing gasoline with bioethanol by employing domestic
biomassin Japan at alarge scale. The discussions and calculations of relevant parameters are based on the conditions of
Scenario 2 (Table 2) discussed previously.

a Energy crops on fallow lands

For many years, Japan has suffered from low food self-sufficiency, which decreased to around 40% (on a calorie
basis) in 2005. Therefore, converting farmlands for food/fodder crops to those for energy crops would be discouraged
in view of food security. Thus, we will discuss below about an option of cultivating energy crops on fallow farmlands,
which amount to 385,800ha across Japan in 2005.

Among the energy crops for bioethanol, sugarcane attained the best figures on net energy balance, land use
efficiency and GHG reduction (Figs.5, 6 and 9). Sugar beet, potato and sweet potato showed the second-best
performances in terms of land use efficiency and GHG reduction (Figs.6 and 9). In terms of production costs, potato
offers the cheapest option, followed by sugar beet, sweet potato and sugarcane (Table 3). By contrast, results of rice,
barley and sorghum (bioethanol) are rather disappointing, especially in terms of GHG reduction and costs (Fig.9 and
Table 3). Therefore, potato is selected as the main crop to be cultivated on fallow lands, supplemented by sweet potato
and sugarcane in southern, warmer regions of Kyushu and Okinawa (Table 4).

b Crop residues

Rice is the predominant cereal crop in Japan, occupying over 90% of the total cereal crop production on a vaue
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basis. Therefore, the author focuses on rice straw among various crop residues generated. MAFF (2005) estimated that
around 20% of rice straw is currently utilized for compost production, animal feed or bedding materials for livestock,
while the remaining 80% is underutilized (mostly burned or plowed back to fields). Thus, this study assumes that 80%
of rice straw that is generated on al the paddy fields across Japan is collected and converted to bioethanol. It should
be noted, however, realizing this potential requires the commercialization of second-generation (ligno-cellulosic)
bioethanol. Compensation of nutrients taken from fields with the straw had already been taken into account when

setting the system boundary of the LCA (see Section 11-1-c).

Table4 Estimated potentials of bioethanol production in Japan

Region Area’ Feedstock pro?ﬁc? on prod’:s:i on° ret?utitci; on
ha kL/ly kL/y t-CO,ly

Hokkaido, Honshu & Shikoku 321,661 Potato 1,348,802 422,175 | 1,423,391
g‘le; \%g‘;ﬁ:}gs Kyushu 60,899 |Sweet potato| 184,005 69,370 | 247,023

Okinawa 3,240 | Sugarcane 10,505 6,986 19,046
Total of energy crops 385,800 1,543,312 498,531 1,689,460
(% of national gasoline consumption or GHG emission)® 261 0.84 0.13
Residue from all paddy fields in Japan 1,864,714 | Rice straw 770,430 470,733 1,260,870
Total of energy crops and rice straw 2,313,742 969,263 | 2,950,330
(% of national gasoline consumption or GHG emission) ® 3.89 1.62 0.23

Notes:
The potentials are calculated on the basis of Scenario 2 in text.
®Gasoline consumption is the national sum in 2007 (MIAC, 2010); GHG emission in 1990 (MOE, 2005).
® Census of Agriculture and Forestry 2005 (MAFF, 2010).
°(Gross production) — (Fossil energy input for producing the gross production).

2 Estimated potentials

Asanational total of energy crops on fallow lands, gross bioethanol production would amount to 2.6% of national
gasoline consumption in 2007 (MIAC, 2010), but net production (i.e. gross production minus energy requirement in
biofuel production) remains 0.8% (Table 4). If the potential from rice straw is included, the gross and net productions
would increase to 3.9 and 1.6%, respectively. The corresponding gross production of 2.31 million kL-GE (gasoline
eg.)/year is smaller than the long-term projection of MAFF (2007), which estimated 2.6 to 2.8 million kL-GE/year
could be produced in 2030 using energy crops on fallow lands and crop residues. The discrepancy would probably
come from the differences in assumed crop yields and conversion efficiencies.

In producing the above sum (2.31 million kL-GE/year) of bioethanol, total net GHG reduction potential is
estimated to be 3,078 thousand ton-CO,-eqg/year, which comprises of: 1,689 thousand ton from energy crops and
1,389 thousand ton from rice straw. The total reduction potential corresponds with 0.23% of Japan's national GHG
emission in 1990 (MOE, 2005). On the other hand, the Kyoto Protocol demands Japan to cut the GHG emission by 6%
compared to that in 1990. The reduction potential from biofuel production would therefore be worth considering as
Japan is struggling to meet the obligation of the Protocol, although the costs of such reduction should first be compared
with other options such as promoting solar cells.
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V Discussions and conclusions

This study has demonstrated the potential of domestic biofuels in contributing to national strategies of cutting
fossil fuel consumptions and related GHG emissions in Japan to some extent. Using energy crops on fallow lands
and rice straw across Japan, the net production potential of bioethanol were estimated as 1.62 % of national gasoline
consumption in 2007, and the relevant GHG reduction potential as0.23% of national emission in 1990 (Table 4).

Nonetheless, realizing such a potential would face two major barriers to overcome. First, for the most crops
studied, implementing Scenario 2 would be necessary for achieving significant results in positive net energy production
(Figs.5 and 6) and GHG reduction (Fig.9). These strongly suggest the importance of saving fossil fuel input by
exploiting heat from combusting crop residues and by directly applying fermentation wastewater to farmlands.
However, effects of applying such wastewater remain controversial. On the positive side, Furue and Nagata (1994)
demonstrated that wastewater from spirit (shochu) production process could be applied to sugarcane farms, provided
that it was done well before plantation, since such wastewater rel eased nitrogen only slowly. On the negative side, Chen
and Shinogi (2010) applied ethanol-fermentation wastewater (that used final molasses from sugarcane refinery as raw
material) to farm soils, and suggested negative impacts on nitrogen availability and soil physics (such as reduction in
soil permeability). Kamimura et a. (1993) similarly suggested that direct application of fermentation wastewater might
inhibit growth of vegetables because of the nutrient imbalances contained in wastewater. This study followed the results
of Furue and Nagata (1994), and simply assumed to recycle wastewater directly to farmlands used to provide each
feedstock, and the whole amount of wastewater could safely be applied. Nevertheless, the mixed results of previous
studies imply that efficacy or safety of such application may depend on the type of crops, soils and wastewater, as well
as the methods of application. These issues have not been thoroughly examined in Japan, and hence are left to future
studies.

Second, the production costs of biofuels are significantly higher than those of fossil fuels (Table 3). As for ligno-
cellulosic bioethanol, reducing the conversion costs would be indispensable before it becomes economically viable
(Fig.10). This is essentially a matter of increasing the conversion efficiency, because doing so should save expensive
inputs such as enzyme and yeast. Nevertheless, this has been a major challenge in research and development for
decades, which therefore requires a lot more efforts to overcome. As for the other biofuels, there would not be much
room to cut the conversion costs, as the relevant technologies are already matured. Hence reducing crop production
costs would be essential. This would be achieved, above all, by increasing the crop yields without significantly
increasing fertilizer inputs. This is another big challenge which calls for developments in new crop varieties as well as
cultivation technologies.

Finally, we discuss the limitations of this study, and hence the directions for future research. First, this study
focused on biofuel production processes, and hence the role of crop residues was limited to energy supplements.
Nevertheless, the whole system of biofuel production could become more cost-effective by integrating co-production
processes. For instance, research institutes across Japan are investigating to exploit process residues (such as beet pulp)
for co-producing industrial chemicals (such as cosmetics) alongside biofuels (Ueda, 2006). Involving such results in
cost analyses will be left to future studies. Second, this study confined analyses on liquid biofuels only. Nonethel ess,
severa pilot studies in Japan suggested the importance of integrating different kinds of bioenergy production processes,
including methane fermentation and pyrolysis, in order to fully exploit various kinds of biomass generated in Japanese
rural areas (e.g. Yuyama et al., 2010; Shinogi and Kameyama, 2007), where various types of agriculture and forestry,
rather than a large-scale monoculture, are concurrently conducted. Undertaking LCA and cost analyses on such an
integrated system will be another challenging issue.
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BETHL, OPERER~O A TH - M7 F OB L OEEOKHD S Ofib 5 OEIZ LY, N1 41
J = VOMERERT Vv y VIZEEO A V) VB (2007 4E) 0 1.62%, T IRERET AR T VY v v idaE
PE R (1990 4E) 0 0.23% Th 2 &l SNz,

-7 — R EERERE, N FIARVE— NAFITH =), NAFTA, LCA
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12 & DALEREE O —ERERATRE T H 5 2 L A HiF S
T\ % (Booth and Lightfoot, 1990 ; Resende, 2006) .
Zo (- ¥, 2010) b R~ REY A T ORERERE
HLTHRERON ) 7 ARBOTREMEEZRL TV 5, £
72, EEBOBHHERE D 89.9% % O TWA B~ —
TEBIIERYSZL L, KT EICE GIRERA IS O
LR EC, BAMED L <, BREIZZ LW Z b -
TWh, TOTENE, BRY—VIIBIFZHLEEE
WEEC, HHEEM R OIS L B HIEURASLELEL T
LY LE Wz B (Ear - B, 1981), 270,
B~ — 126t L CEY 2 & G RER O R 8 E 0
LS A UGET 2R H UL, FREROFNEGH oW
REMZRT LD TELEEZOLNL, —F, HiliBik
B L OEERAKDIZEAEZH TKIEGFE LTS
728, FEEO RO KB AL L BT RKE~ND
HERHO DT LLEDRD L,

Z T, R CREERO B~ — Y B~ Z
WHEH I & %2EOBYRER HEOBALA DO E X I
LI L, FREEOBMIGEHOWREEE L L. AT
TDWFNINA F LY ) — IV OFEFERAEER I X 276
B ASHETH L TERELRMRE R D,

B, RFZEE, BWKESRE 70 Y 7 Mifge [H#
BUHHALD 720 DN A < AR AFEM OB O F =
AFIHET IV OREEE - EEE - G- ] (2B W TiThb iz,
F70y =7 MIROBGRESA, ERERe ML v
PATAARYAE:T N A A Y 7 S W= 2 i IR I o= b o B 4
HHL L5,
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I #HEUEEERDR T

sk L 2RI 7S~ b5 2007 4E 12 H &
2008 4F 1 HZHeft S, B TEEHEZE AT A Hh i I 2R
B CRIED I3T) CTEIRRA L7z RiER ok
g e L ¢, SS fufF, pH, COD,, COD. TOC,
BOD, K' Na', ClI°, PO/, SO, TN & X DIEHH %
ST L7720 K'Y, Na', ClI7, PO 3B 3B L UL % 8
WL 72RO 2 & 44T L, TOC IZ 8K % s L 72
B DB L7z SSIFFZERE L Y, BEIZSeE
FF (700nm) 12 & b, pH ix pH/COND meter |2 & 1) 43#T
L., CODy, (BRALHI & LT~ F v Bh ) v L% fl
M), CODe (BRALHIE LC=2ailgh ) L%fi),
TOC, BOD, K', Na', CI”, PO/, SO/, T-NI3xT3
Pk R IS K 0102 (23 DWW T L 720

BEM O % Table 1 1Z/RT o NAF LY J —
VLR Z B B R, FERES R & OVEEE R D SR
Lo THRBEBRDOBATNZNT Y 50358 5%, Hie HHRHLH
DOFRIER O E B ORI 2 EE RSN a0 o
7oo RHEMNK L, FEME L 10%EATEH, TOC
& COD S, FEWEDOL S WERDTH D L)
YA 572, F7z, FRiEIL COD. > COD,,, > BOD
LWV RBbL B o Tre —MEIYIZ, CODg 13 Hk b el
TIs5E <, \ZIFEROFRM 7 ES NS D5, CODy,
FAL LAY ER AL 12755 <, CODy, M 1 2E W 5 fif A
WV RS NS (FKEMGES, 2000), COD, 2%
CODy, & DR E W &I, FRIE W EE A B 28
ZLEENDHTERRIBRT Do AEPILEIZ X > T BOD
AT IFeNTY, BoMEaEIoBEROR ()
THEEOER) o TBY, FRERE L5 % i
Wi T 5 L3 L WEEZ NS, —TJ7, EERIEH
o AEGEENEL, [ FEAEDKRBHTHY, )T L
JEELE L CORBRREENL, FY ML DA
U7 SRR U3 & AR L 23 aERr (B - 28, 2010)
T, AU T AR E LTRHTE 2 2 EASERES N7,
L, EFERESENI LS, EEE LTHET S

BAE, HEEERTIXES S2vE I RIS
HEEIL)RETHD (K- %, 2010),

—%, TEhORERIHLFEEROUUELO L L, B
B A BB 256, DTFORIBERND S &% 2
bMb. OEFHBENEILVWE LB T, ARDEE
B, AT L LIREOWREAECIRIE A
BETDHILIZL BT AKEDE, @OFHSIMmMATE
WEHETIE, AR 5 2 & TREMEIEIC LD
TIERIRAEAZE L, B KRES KT 531 42
oy ¥ 8% (Allison, 1947) D5, @Okt &=h
ZER~— VHIETIE, B A1+ iR R IR
ORI & O 550558 L CHEMBRAEL, &
IKMER SR E DAL T B 2 L2 X B TR 2
1te 22T, OIZDWTIFIME ISR T ERRIC LY R
BT DRBIZOWTRE T bo QLBIZOVTIRNVEV
BIRTERRIC L 0 BB A TR B S2 B
BIZOVTHENT 5o

I BEROERADREKEDCESZDHE

1 HEBAE

B L 72 5aE R OB R HEKIC & B H TR
%, FOMAPTEOWEMICS 2 58, REBRO
HaEChE TR X 2 BEBTOREZEAEZHS 22T
b7:0, Bl ~30REEITo 72 BB 113 2007 4F
2 AoRER=HEHL, ZoMoaEriz 20084F 1 H D
BRI A A L 72,

a #AE1

Pl 35 s LR R IC SRS LGS, B
W & o THREE O R 2EL O TR I2RE L CTHl R K
REZHE R RIZT I EDMESINS, £ T, FRilE
ZHEH L7 TEORBEKOKEFEZHS 22T 572
O, BCOEMETH 7 LB ETo72. FHLZH T
L FigLIZ/RT @Y, L 20cm, & & 50cm O L
OMGEEH T LT b 71T LDIREFIZHEKIL (¢ 2cm)
dHF, 77 LOMIE IR, FERNIZ RIER)ST

Tablel FiEH DAL HFE
Chemical properties of vinasse

HE RE R pH pE (F) SS (mg/l) TOC (mg/l) TN (mg/l) COD,,, (mg/l)  CODg, (mg/l)
2007.12 4.28 44000 108000 55400 1976 81900 172000
2008.1 456 34800 86000 32950 1560 61900 100000
BOD (mg/l) K* (mg/) PO, (mg/l) Na“ (mg/l) Cl™ (mgll) SO (mgh)
50900 17000 (13500) 767 (120) 508 (423) 11500 (1400) 11400
40600 15400 (12700) 390 (30) 420 (311) 9820 (900) 9880

E K, PO, Na', ClmO#fliZowT, BIRCOMITEE, FEMNOMIREEOME OREEICHY) SRBLTwb,
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X5 XA, TEEH S 17.5em (HIEEE A 5 15cm),
32.5cm (H3EFEE A S 30cm) @ 2 @ 2 [ g 6 H o
JL(p 15cm) 2 BH1F7z0 BBRICEHEH Lz EIEER~—
T, TEOWRREIZ Table 2 IR LT 5, 5mm D5
DV ailil Lz B~ — U R LI £ iR T
TRAL, BT ANOTIEREEE RSB N X EI
DOFHROfE (0.9g/em’) 1275 KA1, IER L,
=2 B X1 h 5 AIFEMTE LA & E L
720 51T LREROMELZ Table 317k T 4FH T, RER
&2 BT o 720 WL (2) TIFENBOBEMAZY b ¥
Y OREMEIL#E (ZHE - C, 240kgN/ha 5= D% & &5 1
BEIZIRA L7z MLBE (3) Tl 240kgN/ha 4 DR i %
EfF IR A Lz B (4) TR A 08
Tl (B - 22, 2010) % FE L, 240kgN/ha %= Dfii
LN ZCHLEL (3) O m O * &g TEICRE
Lo ZEH T LOTFWmESTVF Y VI VI BT 2—T
TEE, ITHTHMOBEICKEERES /ZIRET 2~ 3 O

#EK (f[11800mI)

Tetoc
EA£1.0 cm +J& (45cm)
(6511 X 217)

(L& AFEORIE)

HeAkfL (2cm)
AR & KB ORIE e
(NOy-N, NH,-N, EC, pH, fafff) [—— o

e (2.5cm)

Figl 77 A9288E
Diagram of column experiment

Table2 M- LD EME
The physical properties of soil

RICEHLAL (%)
FIbE s
e ME Mg b Rt

2.76 0.26 0.77 7.32 3296  58.69 HC

BLT, $XTCOH T LHNOKEN—FEIZR 5720 %H
AL, IhaeWIsme LCERZBMG L2, #AKIEHE
1EOEET, AFF6ETT- 720 1 OFEKE I 1800mI
THY, ZNEEHEETOFYHABBENZ (K87,
2009) O U3 IZHHY T 2. HEKFE 24 iR F THEARFL S
DOHRESRILL, HkE, MWERRERL 7 v E=THEE
FIRE ECpH B L OBEIZOWTHIEZITo 700 & B,
TYBERESS TR FI VA A T AEICEICLY, 7
VEDTREEFIREII A AT I L DN L7z K
D 24 WE %, BEHE D IZ, 6 IO TfLoho 1o
oA EE TR 10g FRELL, RS KL% HIE
L7z

b #Ek2

BRSO N7-HAE O B | B 2 5 2 56, TEDF
B ELEFRNG L) Y ER0BFNG=ITHYT S
BB OAD KD D, 22T, Kl HIEICK
BIRA T EBREHUE L2 GE B 2R EKOM
JER EC e ENOFEZH L 0T 5720, Eilt (200)
SHETON T LSBT o720 REICHWH 5 413,
M4 10cm, & & 60cm O E o MR T, EICIE
PEKIL (¢ 1.5cm) 278 5o 5mm D55\ %5l L 72 B
o~ — Y HIEERGIREBEN 09 em’ I B LI H T
LA LA EUE 2 L L 720 BRI, Table4 |2
KT (1) ~ (4) O 4RGN TIT o 720 RERBAGGHT, 7
5 L OPERIL SHER DY B £ TEE D 528K % A
L7k, 71T ANOTIEDEIGEKEIZE L TH S I8
R L7z WLE (2) TIE, EREZT b eI
BRBERNE 2B L OEFR R I Y T 5 R
% FRBAIEICRA L, #EKIC X BIRE GRS OB %
L7z WEE (3) TlE, ZEOFREMR = B 5 T T
N L, FRERS DS T H~NOBE % Gt L7z,
(4) Tl&, FEW ORI % FIHHAT L, HFARKELC
B B L IITRER S OB 5 R AR
AR L7z BREMOBREESZ R NS, &EHT L0
TEERMDSHE N2 S TR F 72 3RIE W A 5 2 720
72720, W (2) OFGEI A T - K AN T L LML
H(3) OFRIE AL A T - FRIEFEE AT 7 AT

Table3 JEB5AF
Experimental condition

o H

BAEFRR

B2 R P I O T ST

(1) 4t AL
(2) FEHEHEAD (FE22)

OkgN/ha  OgN/ 314cm’

(3) 100% Fkif iR

(4) FEHEHGEAE + 50% P i g A

240kgN/ha 7.5gN/ 314cm’

240kgN/ha 7.5gN/ 314cm’

360kgN/ha  7.5(Fit%e) + 3.8(B%i& i) g N/ 314cm®

EAEZ A b R

Jif i 5:330t/ha (1.03L/314cm?)

SERUILOMER L
GBS HXU3E L TR

Fi% i 5 165t/ha (0.52L/314cm?)
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W, AROREREDSE , HIEREIEAIHE T - 72
72, MR EIIMMmo 27T A L) AR, B (1) ok
A T3 — KA D T L D% 4 23%,39% TH -
7oo WEKTR 2AWEH £ TOHKEZRILL, HKkE, EC
pH B L M2 ME L7z, 7275, ML (2) FRidiidx
A8 — KA T T 4 EAH (3) FRiE I IER A g —
BB R A D T A2 OWTIL, HEAKA 5 24 i DL
BOHEK SR L, #EKD S 24 BRI IZERIL 72 8EK
WRE L7 512, EBRRTE, REWROWERE)
FROSPICT L0, BT LADEENS 5em, 30cm &
55cm O FHHEEAFRRL, CIN 7 FF 4 F—% v Hi%
DOE B & xE L7,

c HE3
SR IR A R e LT L 72 B IS BE =2
WD S o 728, RBHOAELIPETH>TD,
TEBBICHEE SN TV 2 RIEROBS DT H~NEH)
L, #FKRKREICHEL KIFTHRE D D, 2T,
FER P HEKIC & A FRIER OB E RS O T OB e RE
EHLNIIT B 720, BREHETON 7 23 1T 72,
SRER 21X N R 10cm, 5 & 20em DI O M 5
LEAVIZ, 1T ADEEIZIFHEKIL (¢ L5ecm) 3D
bo HT LNTIEOGEEEAN 0.9gem® 127 5 £ 912,
5mm D55Vl L B~y — Y TEAHEL, B
=27 £ ITH T AIZIEMFCIE U AR R 2 1R L 72,

AB&IZ, Table51Z/RT (1) ~ (6) ® 6 LBELGFTIT o 720
RERBAERT, 7 T 2 OHEKILY SHEKAH B F TEIA
OB MG L2k, H T N0 TIED SRR
wISEL TS, EBREZRGL -, TEERRD S KRE
xR o (1) ~ (6) OFRMTH 27z BRI
(1) & (4 TIE, FREREEE 72 HREOE AL L o
T, WABNIHEL TR T AN LS LT
AN o 7ZIRRER HE L, 12K M) 100 % 8
25 F TR IR F 72\ ARG & Ko L 7o L
(2) & (5 T (1) & (4) » 23 0=, MLH (3) &
(6) TIHMLH (1) & (4) @ U3 DEOFEEHIFEWR E 7213
FBH % RIMBAT L 720 F Ok, TIEEMEIC 200ml (k
B 12.7mm) OFEZKE G Z, T L TEHOPEAKILY S
100ml DIFEFHAKEF R L, wEZME Lz, 3512,
COHEKREG 2 CTOERIET 2 BER KO @ED
100 L FIZ7 % FTiTo 720

2 BREER

a HEREEREE L THEICEAEBHET 32584
B LICBU 2 &R 7 20 FAEHKOKE, HEKko
frzed (RYMREE+ 7 v B THEZRE) JuE, &BEA
ff, EC, pH B & M EE DI Z AL % Fig2 lIoR$. £
7o, %R 5 L0 ETEOEEKILOZEILZ Fig.3
RS Kl 7 4 ORE A KRE X, WHE (4) O
AR + S0% BRI 7 T L % v €, BEE R =N

Tabled FEBRGME
Experimental condition

e

it A s (7i)

REREEAR (788)

(1) Fagmpe A g — kAL —
(2) Bgiae i - KA

(3) BRI MER A 13 — PRt

-2 £ 0-30cm> & 12600ml (770tha) JEERE &

M 250ml$>, Fh22[m], 5500mif A

fg1250mI$7o,  Fi5MH,  1250mI# A

g [A1250 or 150ml (—E D &) $°o, FHolEl, 2150ml —

A A (2760t/haliiify) i A
(4) Wit e A3 — it 4 250ml or 150ml (1[0 &) §50, 1085 A BRI E1olAl,
ECEINE DN S A B A2, 25 A BUR ETom (P! 13 150ml$% —
A), 5125ml (1813t/halitifi k) FEihiH A
Table5 924t
Experimental condition
mo Wil Am (i)

(1) JiE570thadk A
(2) JEiE380t/had% A (1) D22B3OEJEEEA
(3) J5iifE190thats A (1) OVU3D=FE A
(4) 2R BT 760t had A
(5) 2R BTE560t hadk A

(6) 2fiA Hifi 250t/ hais A

REKRDMPENI00E 2B 2 5 £ T, THRm A 5450ml (570t/ha) JEBF A

BBEROBENI00E %8 2 5 ¢, TIEFKE D H600ml (760t/ha) #FUHIX A (380t/halitififl Y )
(4) D2A3OEARGEHA (280t/halFi#iH 24)

(4) OUIDEAREALA (125thalFifAH Y )
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oMoz, MBL (4) OREMEREIE + 50% 5 ik i b
B 5 2 0 BAEHEKE 12 4,400ml TH - 72 21T,
WHERKED 41% TH ), &b BEIREDNS WLHL (3)
D 100% TR AT T T L OHKED 62% Th - 720 €
DOBHIE Fig3 (R dal ), ALEE (4) o BEHEHREE +50%
B/ T & DRk 24 R (FE SR HEK E R
7o) O ETETEOEKEAIMMDO T T 4 L) En:
DTHo7z (EBROBFITH L 72V Tk REIRET
Ho77)0

F72 BRI E S T, & T A TREZDT DR~
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Wi L, L (2) OGRS T A TIkIE B ICegE R
BWOY =2 22 7255, WEL (3) O 100%5%i& A E:
717 L L (4) ORI + 50% PRt a7 7 A
1k, FEBERBANG 26 HRICEERAMO Y — 7 »8h, £
DB TS AENAR SNz, B (3) D& EFEN
Bh T LOEER AR, N (2) ORI
FAEDENZ E0s, BREZT MY FEREICBWT
28 % 100% 152 O PRI O 7t 1 13 AR RE 28 32 1R B i
HOECTIEMELS W EAVRB SNz, 72720, E
(3) @ 100% FRifE AR 71 T 2 & WLEE (4) OREHE Ji AL +

8000 - 800 - s
— = 4
= (=)
E 6000 - £ N
0 iy >
X 4000 L £
e i o e
B 2000 & 200 %\
O L] L] L] L] 1 O L] L] L] 1 Eﬂ 0 L] L] L] 1
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
Time (day) Time (day) Time (day)
500 - 8 600 =
400 - 500 1
£ @ 400 4
& 300 - =
E L7- e 300 +
200 +
e @ 200
100 m 100 +
0 L] L] L] 1 6 L] L] L] 1 0
0 10 20 30 40 0 10 20 30 40 0 10 ) 20 30 40
Time (day) Time (day) Time (day)
—o— (1) fmE i A —— (I ERE AL —— (3)100% FR I HR R —— (A IEHE AL + 50 %o SR R PG A
Fig2 SREHEKE EPRDKE
Changes in cumulative percolating water volume and water quality in each column
65 - ~ 65 1
— =
O\O N—r
~ ~
e 55 4 % 55 4
& g
1 4 N
Q 45 & 45
& i
i E a5 ]
[ 35 o 35
-]
25 L] L] L] 1 25 L] L] L] 1
0 10 20 30 40 0 10 20 30 40
Time (day) Time (day)
—o— (1)t it —m— (2) Ve N A —4— (3)100% ZR IS —— (EEAENE AT + 50 % FR I i S

Fig3 & KIitoZfl
Change in water contents of soil in each column
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50% G MR 7 5 o Tld, REFHKD EC & BED
fEASLER (2) OFEHEREIE S 5 A X D &<, pH IZALEE (2)
DOREHFGIL S T 5 L V&L Do 7o ATEBRIAR h, ALEE
(3) OB EHENE S T 2 D EC DFIHMEIZ 299mSm
T, WLHE (4) ofEiE AL + 50% 5 AEIE S T A 0
247.8mS/m & (ZI2[E LT, W (D) OGRS T 40
76.0mS/m & ALEL (2) ORLERGIE S F 2 76mSm @ 3.9
fch by, RIEMKIEE (RMOKES  IEH 46 4 10 7
4 B EMKEERAMT £3) @ 30mSm & ) k& < Lo 7z,
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Changes in cumulative percolating water volume and water quality in each plot
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e TEICKEORBENR ARG 2 EREHAT LI LI
Lo THEE KD BBMIK T3 5 LR SN L,

TR B 2 &8N 7 A& EO TEARY E =
% Fig5 127" § o AL (2) DR A 358 — KA D
T L, KROBENL L, AW EERER R
L7283 EY, THNOBBPR SN o7,
D L SFRIETIRA B O HIERR o g TSk
DIKTOERTH 5 Z AL SN, W (3) DFkik
TR A T — BRI R A A & LB (4) ORI i
Pe AT — BRE ARG A 7 7 A TlE, ERE 5em (2
L ORI E > TO/2hs, BB TTH~D
BEPRONIZ, SO E0s, REHOTIEREG LD
KA DT ) AR OS2 <, LSRN
152 DHEI/NENT DRI N D,

P & e R 5 2 L 12X o T, BFEfEK
D EC & mEIIHEMT AMEMIZH Y, pH AL 7 5 1H
73 o720 LR (3) OFEIRMP A 5 - B iR
¥AH T 5D ECHHIZ, 1000ml (1280tha) o 7 7 g )5
AR L7255 C RS LIS, RAEI2 1058mS/im (25
L 720 WL (4) OFRIE S A 18 — FRIE A B A
@ ECfilx, 2000ml @ (J& i 200ml (260t/ha) #H2Y4) #
PERE I A L2 © RA LIA®, &HEIIC 607mS/m
WE L 7ze F7z, ALEL (3) BRI M A 43 — R
WE RS 5 L OEEEIL 1600ml (2100t/ha) D FEi ik
SRR A L 72T 60 I 72 1), Y1 260 125
L7zo WH (2) ORREBHRATIE—KEASL T 208
FE X2 E 7K A 400ml % 8 2 72 1RF A1 C 66 BRI L7z,

Db Z &b, Bl & Kl TIEANR AT 2546,
TIEEREOZH T 29 S5 720121, Rk
PRI TEICRAT ALV REWATLIE0EF L
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iz DR ETHIEOTAL - (RIFT 2 RETIATBR I
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FETH o720 WD 100 LA T2 7% 5 £ TOREKmEITA 4
636mm, 420mm, 509mm, 356mm, 420mm, 318mm T,
BB OBABEY LR WIE EBEDRBA D2 EH
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Pk BR i OB AL B & OFRE % AL & HE
KO BREMEED L % Fig.7, Table6 2R3, ALEL (2)
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The organic matter contents of each soil layer in each column
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Changes in chromaticity of percolating water in each column
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Fig7 #Hiko Bt
Changes in cumulative discharge chromaticity in each column

Table6 #AfRE & PEACRIRMEE
Applying and cumulative discharge chromaticity

At Pk RRE g
IR
(- L) (- L)
(1) JEi570t/had’% A 19800 5056
(2) JEii380t/had% 13200 2381
(3) J5.ii190t/hat% A 6600 1067
(4) 2fEA HUTE 760t had% A
(51380t hait 4 ) 13200 2184
(5) 2f% 7 HUiE 560t/ hadi A
(i 2800 hat 24 9900 1481
(6) 2f% 7 B 250t/ hadi A
(JE.i4 125t/haff 24) 4400 539

D JEE 570Uhafi A, AL (2) 05 380t/hatx A, MLEE (3)
DJEAE 190ha i A, LB (4) @ 2 5 A FUR 760t/ha #%
A, WFE (5) @ 2 fEABUR 560Uha i A, WLEE (6) @ 2
57 G 250tha i2 B 1T 2 HE KRR L A D I
1344 028, 018, 0.16, 0.16, 0.14, 012 TH -7z, JH
TSR ARELRF L THo T, HRBE2HAT 5 )51
PEKBREBEIR . T72, 8871 L7 HIEICRIE & 3%
A, BEMZ &2 X ) BRI OBBKESE DS L, 1
BB SN2 BAE B ICRER T 5720, i
HEIFIRTE T @ 2 W5 G R BER TS & % IR D BRI P A
F 7 IRE XA B ROWEK T BT HNETH D,

NV RERDIBZADTIEEKEICSZ DEE

B EREVL WRERE B~ — VI L 725
A, TEEKMICEEEZ D2 HEEZOND, TIEE
AKMEE, ok EE E DEEROERE, HRICH
{ARAE$ 5 (Quirk and Schofield, 1955) . i 14513 135
BRI EMOBA 4 B EBRELR T, —lio
WA & 3% ST 5 LA LR T v BEEO
BR~—Y T, BiERTOLZEO D) v S (—1il
WA A 2) 2 X DR T oGm0 LmE
PR C & 2 IERBRO HEEF D12 & 0Bk EDMET
TrLEZOLND, £2TC, BREMEHPER~—Y 1
BOBEKEIG 2 A EEAALNICT 720, B bk
R RS L HOE KI5 2 2 58 L A W O HE A
FEFEKMEICG 2 B EEIZOWT, BERA L2
B O LR E KRR E AT - THEGRT L 726

1 RBRAE

RN DTGB DI AT TIRE A & KIHHFAT O 2
MM 2 e L ClBR & 17 o 720 HIBR AR ORET
1%, ¥21-F = 90, 100, 110g ® B~ — T 13EIZ, 0, 5,
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10, 15, 20, 25 30ml (100g & 110g DK DA) DF
B ERA L7ZRFHI O W TRIAME AR BIE L 72,
FIHHAT S OFBRTIL, iz T HE & 909, 100g D B HL~ —
TR A 100ml FIfICeE L, K, FE RIS
Bl Lz T v 7 LKA B & % Pl iR, 2
EARGE, 5AREAHUE, 10 fREAHUE & AR T2z L,
HEE ) BN ORI O LA S T E CRT 3 2 ki
ZUEL, BRBEE RO 72, 188D 72 1) OFHE A
OBFIZ20mFTE L, KR 2 AT 72,
PR 2 P A L 72 B o A Wy BB A5 B K S 5 2
HWBRHLPIT L7720, BRMEKREZIT- 72,
Wz F = 90g, 100g, 110g D B~ — 2 142, 0, 5,
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PRI 2R A LT, 100ml @ [ &I L7z, 24 i
KRN & 1ERKEEAIE (25T BHE) DORIFLERIRE %

WEL, HBLz, 22T, LAMKEHOMEIL,
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O, FEWR L - TSR RO T EY E S v llE
L 720 72 HIERE 1 0.2mm 5 %\ % il L 7 59
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L, #oKZ Mz 500ml 12 L7z, #EEREET 10 2508
¥ (=% 1500rpm) 3% WL & 3 [0l F8) S dn g 5 WLE
WX DR U720 B4R T 72 13 B 14 & BE 1 BRI F21
THEA 5 S 5em £ TOREEOFEWEE % HEL
Too F 7z, BREEH O B T AT & FRIE R
GOFEY TR I N TS 720, FE#ER 10ml, 20ml,
50ml, 100ml 711> 500ml 5 i G E  [RIAk O HEFR L
PR & PO LB 2 AT, BRI R & BHE 1 IRRH] 2 O BRI
o O R R R B Lse WfRIS, BRBT T o 3ilE
TIEEE A Y B R L RE R O EY RO E
NHRDTz,
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2 MEREER

Bt o HIEIR AL TOBEKAERIC BT, %3l
S B DERIER O RINE A L O faRLE KRS
2 DB Fig8 IR T . WIRHE 0.9g/em® O+ T,
25ml Pl EOFRE R O TN & - T s R EIREE 12 %
L7280, FREHOWINE 25m £ TE Lz, —7, Wl
I 1.0glem® & Liglem® o+ 88121, 30ml DR i &
WINL 720 BWIREEO LTI, 0~ 20ml ORI
I & 2 LEERBBOES RS N o7z, 13
R E K IEIZIT W 25ml DL OFREE QR AT L Y TIE
BRI R L 72

PRI 0 R B S COBEKRERIZ BT, %3l
S B DERIER O RINE DS L O faRLE KRS
2B RE % Fig9 IR, KEBHEO TEOEKRE
IR > 2 fEAVBGE > 5 R AVBUE > 10 5 A BRI > B AR
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Changes of soil permeability
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Changes of soil permeability
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25 L BKBREOBETEIVNSL ot WIEERE 1.0
glem® 12 B 5 1014, 5145, 2 A REEINC X 5 %K
PR T ERIZEIEEE 09 glem® 12 5RTKRE WV, Z
OFHIL, EEREERE 1.0g/em® O 13ETIERMBE DR »
ZrkiZkBEEZOND,

Fig.10 [ 3FE Nz, fufllREE < 1 A& L 72+
BEEREDBETHD, I ENTHEERIIEZE- Tz
CEDHMTHERTE 5, 7 UHHIC X 2 TR0 EKE
DEALE FiglL 2R T o W NOERERE O L3~
TWIZDOWThH, o U O T HEEARARENE, HEhH AT
IZHAVN S W, F 72, FRIERIRNINE AL VI EERERE
DIRTEENREN L OHLPTH o 72,2 DEHI,
B L 72 BE S X B TR ORI DT & 3
MROEE ) CThHLLEEZBND,

PR % U0 L 72 SR o W B & Bt L IR R o
TR 3 kg Sem O iRiE DAV IEFE & Fig 12 1SR 9, 5%
AR (FRIETE 100ml 710> 500ml i) T, 4Bl
BRI 212 BT, B L 7k F AN Uil T
bo TOTEDL, TIEFOREIEEILSBHNTDH

BT TAERFETEGHR. 45 210 7

(2011)

Fig.10 7 E g
Mold propagation
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Changes of soil permeability (mold propagation)
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Suspended solid in different concentration of vinasse
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V HEROEANLIERRICSAORE

1 RHBAE

MFEORED S, REHOEADIEEEO KV ER
< — VORGSR AT T AL, kT o0
LR OFREWIC &L 5 HIERBOHEZ D I2X )
DTHAHEHELESN, THIZE ) HIEEEIRIT B
ENEZOND, T2, REOAEWN  GURENRT £
W22 LT, TERAICHRYOREITER S I,
WBRMEAMET L, TERMD S OO DO %)
LI ENEZLND,

FIT, HEEBIIT SIS ZOoDERORE
MRES 57200 7 L ERT T2, T3, REWOKE
T AT S 2T A 720, 100g DK, TR TIE R
VI 2 R A FOE, TR i 105 2 iR 2 ¥ — 7 — I AR
= CP¥AUR 30T) ICEiE L, EHmIch 7 40E
BErflEL, BB Eed ROz, 0, KK
TWOPEANZ L DR L5 D5 DB % B RS IIET 3 5 72
O, fE L EEERDELR D &, BRS L BR~v—Y
2R E LCTHYV, W% 6em, B & 10cm O (Fig.13)
WZEGEE (B, BR~—Y, BRs+) Eo, 3k
WIS B £ TLEID S OWE (WK, FRERIEE, 5%
B 2 A, PR 10 ARG 2R Lz, A
T AERE (FHRIM30T) ICHEL, EHmcs o
LAOEmEFWEL, EafbrbEEmr ko, #k
KM LD IKSG R T~ ¥ v )L %% —60000Pa ~ — 50000Pa
FREEIZE L 72 S CRUI A 4T L, BIIF TR O MHEN
T FTROEKILE I L7z,

F7:, KEO—HilEA 4 > ORI HEEIEICE 2 5
HEEHL2IZT L7700, ROMLEENL VB~ —
DI, KK, 2% KCI AR GRIETR 2 fEABGRAEY ), 4%
KCI & (FREREAY) winL <, BZBE0Z L%
W L7z B, WERIZK & Co&GEIlL W20,
REBRTIZ KCL BH AR VWL 2 & & Lz,

WA, FREE OB AN TIEAEZIE ) KO L H)
W52 HHEENSPIT 5720, HIEN T LERE
To72e PR 120m, 1 & 20em O HE S 5 2 (Fig.14)

Fig.13 #&58928%
The evaporation experiment
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— 100000 ~ — 3160Pa @ +-3 7K 73 14 1 & 100ml &5 THR
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Diagram of evaporation experiment
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PR & 2 B G CRafl L 72 7 4 O RFE AR SE =
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PRE R & 2 AU TRl L 72 7 4 O RfE A 5E =
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Changesin evaporation of soil (Shimajiri-maji)
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Black organic film on surface of soil
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B KCBEOBEW CRM LB~ — Y O#SE
B OZAL% Fig20 1278 §o KCl 4% & & KCl 2% &
TR L 7z 13 o0 BRRE A SS w I MUKl L 72 i o
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F AR LD S ERND 15TH D 2 LsifEE
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A Study on The Effect of Applying Vinasse From Bio-Ethanol Production
to Farmland on Leaching and Physical and Chemical Properties of Soil

CHEN Yan and SHIONO Takahiro

Summary

During bio-ethanol production from sugarcane molasses, a large amount of vinasse, which is strongly acidic
with high COD and BOD, is produced as a by-product. Disposal of vinasse poses restriction in conducting sustainable
bio-ethanol production. This study therefore investigates the effect of applying vinasse to farmland on leaching and
physical and chemical properties of soil, in order to evaluate the possibility of applying vinasse to farmland.

The results indicate that, when large amounts of vinasse are applied to farmland as a substitute for the nitrogen in
conventional chemical fertilizers in sugarcane cultivation, it is necessary to take into account the leaching of ions and
colored materials contained in the vinasse.

It is recommended that the vinasse be applied to soil surface after being diluted. This reason is because: (1)
incorporation of a lot of vinasse into soil reduced permeability of the Shimajiri-maji soil remarkably; and (2) the
leaching rate of colored materials after applying the diluted vinasse was lower than that after applying the undiluted
vinasse. Moreover, if soil is saturated and there is arainfall after vinasse application, there would be a sudden increase
in leaching of ions and colored materials in the vinasse. Therefore, applying undiluted vinasse in excess of 250t/hais
not recommended.

In addition, the high contents of monatomic cations and organic matters of vinasse would have significant impacts
on the dispersion of clay, which in turn caused a change in soil porosity and eventually permeability and evaporation
capacity of the soil.

Keywords : bio-ethanol, vinasse, infiltration, soil permeability, dispersion, soil evaporation
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Shape of water screen: overflow depth = (a) 1cm, (b) 4cm
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Sound Characteristics of Spilled Water and Countermeasure Works of
Low-Frequency Noise at Overflow Weirs

TAKAKI Kyoji, GOTO Masahiro, NAMIHIRA Atsushi, SEKIYA Akira
MINEGISHI Yuichi and NAGAMINE Takuo

Summary

Nowadays, it is not uncommon to see residential houses constructed along agricultural canals due to advancement
of urbanization. Around installation sites of water management facilities such as gates and drops in agricultural canals,
passing irrigation water generates overflow water noise. In this study, the sound characteristics of spilled water at
overflow welirs are elucidated by detailed laboratory experiments. In addition, the issue of conventiona art related to
low-frequency noise reduction, countermeasure works to prevent vibration of water screen and its effect are indicated.

According to the experiments, low-frequency noise generates in any hydraulic conditions, however, the peak of
noise shown in between 2 and 4cm of overflow depth generates due to turbulence and vibration of lower domain of
water screen. Spoilers as a conventional work aims at only making enclosed region of the back of water screen open,
and they aren't often unable to function in inhibiting the formation of water screen and its vibration.

Countermeasure works proposed in this study are aimed at low-frequency noise generated by water screen
at relatively low drops around 2m. They not only make enclosed region of the back of water screen open such as
conventional spoilers but also make falling water into water bundle, and inhibit the formation of water screen.
Though we made two types of trial model, box type and gutter type countermeasure works, the gutter type model is
recommended because they have stable noise reduction effect against the difference of width of works and the change
of overflow depth. These countermeasure works can be installed easily in situ, and reduce G-weighted sound pressure
level by 20dB or more.

Keywords : vibration of water screen, frequency characteristics, G-characteristic, A-characteristic, sound pressure
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Layout of the transmitting and receiving coil and magnetic field lines
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The attenuation effects of electromagnetic waves by reinforcing bar
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Schematic view of experimental equipment (in field)
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Schematic illustration of the attenuation characteristics test (in field)
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Relationship between the transmission distance and the
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Schematic view of layout tests of the transmitting and receiving coil
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View of effect test for reinforcing bar
(diameter ¢ 13, 25mm, length=50cm)
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Effects of Concrete and Reinforcing Bar on The Wireless Transmission
With Low Frequency Electromagnetic Wave

ASANO Isamu, MASUKAWA Susumu, TAGASHIRA Hidekazu and HAYASHIDA Yoichi

Summary

We have developed wireless transducers using a low frequency electromagnetic wave to measure pore water
pressure in fill dams. We call them “Wireless Pore Water Pressure Transducers’. This transducer is available to use
Structural Health Monitoring (SHM) in reinforced concrete structures because it has no wire cables and it is easy
to make the size smaller. However, few studies have been carried out on the communication characteristic of a low
frequency electromagnetic wave through reinforced concrete. The aim of this paper isto investigate the communication
characteristic of a low frequency electromagnetic wave through reinforced concrete. Some experimental tests were
conducted to investigate the effects of concrete and reinforcing bar on the wireless transmission. (1) The attenuation
characteristics of alow frequency electromagnetic wave in air. (2) The attenuation effects of electromagnetic waves
by reinforcing bar. (3) The attenuation characteristics of alow frequency electromagnetic wave in reinforced concrete
specimens.

The results are as follows:

(1) The received voltage changes by arranging the transmission coil. When the both axes of the transmission and
receiving coil are corresponding, the received voltage becomes maximum. When two axes are orthogonal, the
received voltage becomes minimum.

(2) The effect of main reinforcing bar on the attenuation of the low frequency electromagnetic wave is small.

(3) The hoop attenuates the low-frequency electromagnetic wave when the axis of the transmission coil is
corresponding to the axis of hoop axis.

(4) The low frequency electromagnetic wave attenuates when the reinforcing bar exists within about 3cm by the
transmission coil.

(5) The communication examination was done by setting up the transmission coil in a cylindrical test piece
of 60cm in the diameter, steel ratio 1.5%. As a result, it was confirmed a wireless transducer using a low
frequency electromagnetic wave was capable of communicating in reinforced concrete structure by the
distance of 30-40m.

In conclusion, it was confirmed a wireless communication using a low frequency electromagnetic wave was to

communicate in reinforced concrete structure.

Keywords : SHM, A low frequency el ectromagnetic wave, Reinforcing bar,Concrete,Wireless transmission
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o 6.3 m
SETHE 56.0 m
i J:m’i V:H=10:17
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RNEE 0.0050 km®
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Fig.2 PUERTOE / Aith o) 5 1k W X

Cross section of the embankment before collapsed in “Miyano-moto pond”
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Damaged embankment by disaster in 1991:

(a) Upstream slope; (b) Piping hole
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Damaged embankment on April 13, 2010:

(a) View of eroded part from reservoir;

(b) V shaped eroded part at view from downstream;

(c) After removal of loosened area by bench cut
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Plane view of collapsed embankment on April 13, 2010

Fig6 UiC X & L2 miliA S oK

(@) THEEIDIRIL ;

(b) 7ML L3 U YRR @ A & Dk
Seepage water from exposed ground at the left bank:

(a) View of the downstream slope toe;

(b) Seepage from clay containing gravel at the left bank
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An Example of Enhanced Rehabilitation Work for “Miyano-Moto Pond”
Using Geotextile Reinforcement Technology

— Countermeasure for downstream toe against sliding and piping —

MATSUSHIMA Kenichi, MOHRI Yoshiyuki, HORI Toshikazu, ARI'Y OSHI Mitsuru
and UENO Kazuhiro

Summary

Most of small earth fill dams had been built long before adopting the modern design. Every year, many small
earth dams are seriously damaged or even totally collapsed by heavy rainfalls and earth quakes. Moreover, there are
approximately 210,000 reservoirs with earth dams across Japan. It is reported that, among them, approximately 20,000
earth dams have deteriorated and need urgent (MAFF 2000) . In order to decrease disaster risks by heavy rainfall and
earthquakes, it is necessary to introduce not only traditional method, which only compact embankment material, but
also a new type of reinforcement technology. In this report, we described the structural weak points for “Miyano-moto
pond” in Ishikawa Pref., which totally failed by rainfall on April in 2010, and adopted the proposed countermeasure

to reinforce the downstream toe using geotextile technology. This new type of geotextile reinforcement technology is
expected to have reinforcing effect against sliding and piping.

Keywords : enhanced rehabilitation, small earth dam, geotexitile, reinforcement technology, piping
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The Participation and Technological Development of NIRE in Disaster
Controls for Landslide at Shimekake Area Ocuurred in 2009

KINOSHITA Katsuyoshi, KAWAMOTO Osamu, SHODA Daiskue, ISHIDA Satoshi,
NAKAZATO Hiroomi and TAGASHIRA Hidekazu

Summary

National Institute for Rural Engineering (NIRE) of National Agriculture and Food Research Organization (NARO)
has a duty to send staffs to a disaster site when Ministry of Agriculture, Forestry and Fishery (MAFF) or Prefectures
and so on request it except the special case not to answer the request. NIRE has sent a lot of staffs to disaster sites by
the request and contributed to solve problems at the site.

NIRE has been developping a lot of new technologies through solving the ploblems at disaster site based on the
technologies devel opped by NIRE. This report shows the activity and the technical support of NIRE staff at alandslide
disaster occurred in Shimekake, Tsuruoka City, Yamagata Prefecture, and this report also shows that there is a close
relationship between technical support and developing new technology by the activity at disaster site.

Keywords : disaster site, technical support, landslide, wireless sensor
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